Progressive Casualtylns. Co.&affiliates. Annual premiumtor a basic liability policy notavailableall states. Prices 
vary based on how you buy, ^Carried Contents coverage available with Comprehensive and Coilison Coverage 






. ■*- 

* < 
■ 


r " 


. TL 





♦ <*U.- 




r 








i v; 

, J l . SK. 
















l , v. • 


kN 


>K s\ 




: *' V 


















•u, vi 


” { 






■i 

» * 





















* 


vi 








N 









■ ■; Yk*\ >, 



















TURN IT UP Progressive ATV Insurance has you covered with basic 
plans starting at $75 a year plus options to include your accessories* 


PROGRESSIVE 


1.800.PR0GRESSIVE | PROGRESSIVE.COM 


























^ IS E f\ Hj q 


C!d Pt. 


sm rifc 


i *1 r • .1 *•' iJ 


Jirllr 


MoQ'an' 


-'j 

yvn- /■'■' 


-jrucjnil 


,v iflicr ^ ? r 




U-S. &KOELOG.ICAT, Li -ij KVi:v 
CHAit] .i‘.3 v. i Ai J 0'D r -n’- 
i- DIRECTOR 

- . .7F^ 

1'n^nHBBHH 


TOP 00 Hi* 

fSTATE Or 1 MAINE 

I .WSLJJi AAEE r W TTT.T fl-M- T1N£ SKI., r C.S.HIC7 HBOR2J 

COMM IS SJONB^S 


’’M1V 


3 


a # r ’fl Jf > 

J 

■ 


> 


■ 



UTJI/ 


; / ; 

1 

1 


0 IIT 000 R 


«£\ aWflBDS 



; 

1 i_ -J 



:. 1 : 

x 

1 , 

1 





n 

)K 

_ 

If' 


f y ■ ;'j 

jjp 



^11 


■tvmb. 

■•4 J 


/ ' : 4 o 

, J ■ ;■ -'I 

•• - 


- - _ •_ •. "> 


l;^P" Hpnji »jr Pi. 


Hick 


T ,/jlERE’S TO THE MOST UNDERAPPRECIATED 


3 :\ 

Thnrfna in 




< V.l LV- 


. TECHNOLOGY OF OUR 

;• -■ 1i i 

i 

N 8 W F:; J I R Y 


|'i*Oi 

V 




roi?F 


Vj'i ji.'iii- rw 
rv 


H,i...( 

Pt 


■flu 


Ihi 

jhi-irtC' 




■L 


■Du mt PT 


IIfijrt 




ulhii 


Morffh Pi 


f W$}r0$ 

fleck Pt,'' 

i l A 


The Hub 




. £ T' ; r // \ 

. - fir¥*jr I ■!; -f . j } if "j r 

fW J ' ‘ y ,s * / 

WMm 


plus 


'Vcaiarn Pi, Ot ' tff? >1 * 

A "*/* T r rA-; 

v . •"'* fee 

\ ‘ .■: Jh 

, „ AM 

ji j ij 'FldB 1 - 

fttfOah PT 

J? 


X 


EaijfL'm P^r^l 


t-a ri-Jw&c-J 


The Future 
of Qjf-Roading 
Is Electric p.40 

Can You Solve 
This Confounding 
Brain Teaser?p.ao 

//fM/fMmmmMwwmm/Mm 

Pop Meek Pro 
Challenge — Build 
Something Useful 
With LEGO p.s6 

mmmmmrmmwmmmffv 

Best Smart Locks, 
Portable Air 
Conditioners, 
Handheld Devices, 
and More p.m 


H M W< i&or,iGw>j£“d prvj- i r, charge / 

IViJi'igu 0 prid *$£ OtirnpJfcy irjf U f. C^ij *1 nng I 3 wdi«i ic Surv^v ■ 
Fl^iunfiff 'W!.'*' HHp l B «in eT W H luygM I. W. f\ 


< 

" ' fy ; .'-y •"?■ 

Snrror- i^tfi T^~ F. 

j 

«p- '■■'■— 

* 

■ ' V* 

£' 

*** i 1 . 

Pi 1 - * 


■ 'i-" 


Rfiiorl Pt. * 


•Barf 

Ctirr. 


S , J :. iV';'i 


sr 


ftw 


GcdU! Cc-ti 

Pete 


FUTURE 


/.c 


P?x- P Xu-X •'• 3 


f^ wntMiB 1-, 

if- t.'■. ilUrt. 1 I 




■ Jf 




Pier’eeHfrrtrf 


H 1 


1 : j 

3 X 

ifjVi u'crj 




Bond Pr ‘ Sar f" nt 


I cyy 


’ j T 




-<r’ 77 *'!"&VJ T 


S'fitftfi I 


GfTOr-iirtgta 

i'£* 3 -tDTTl 


Wc-Tr 


j ht. j 1 h > L 1 “ 


* 


iZ. 






/ 

Z I 1 


S‘ 


J 1 1 


Jk 

s. 1 . 




v. £ 




Lld-KCF 


W—Kl_JM 


i -*s 

J. LI I hi W I—a 


20^ 


.-. L-Illl UlU'll'IV 


C 1 RAjX IJ!*] imY 
r ■ 

S .. _ J s ] d 3 ^: ^ 

i -£ tSpurlm 

■3 ^ Rfw\ i-Cj ■ Lung 

.15 s j/ j/; • F> - 

i Q R J^A T CRA N S R R RV 

|J 

sj S ^s/ .Si 7 tsu~ _-• 

5L 


^ 3 di'b H 


ftPHOi r>ri- WAh 
w«; 1 »■ •*■ ■-■* tjj. 


I'h ijlNiiji- sijLiu.cr.iJ 30 | n i■ '“Il 

/.fi I IVUTl iH'M'lffl rt»i! ^niri-i' I 


naj 
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FloorLiner 



WeatherTech designs and manufactures innovative solutions that fit your 
lifestyle. Our high-quality automotive accessories are ideal for protecting 
your vehicle from the elements and keeping you safe while driving. 
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My Pop Life 

// EXPERT HACKS,GEAR RECS & LIFE-TESTED WISDOM FROM OUR STAFF // 




DAISY HERNANDEZ 


News Editor 

Waiting for my phone 
to stop ringing so I 
can go back to snap¬ 
ping pics of my pup. 


CURRENT 

PASSION PROJECT 

A home reno! We closed 
on a home at the end of 
January and have been 
completely redoing the 
entire property. 



The Best Money 
I Ever Spent 

Definitely the money 
I used to take a trip to 
Iceland in 2017. Being 
there was surreal- 
like visiting an 
entirely new world. 




My Favorite 
POP Story 
So Far 

“Burning Out: What 
Really Happens in a 
Crematorium”—I’ve 
always been morbidly 
curious about 
undertaking. 





THIS IS SONNY ' 

She’s a three-month-old 
Australian cattle dog/ 
Shiba mix we recently 
rescued from our local 
animal shelter. She 
spends half the day 
sleeping to recover 
from being insanely 
rambunctious the 
other half of the day. 


PRODUCTS I’M USING RIGHT NOW 



Sony MDR-XB950BT 
Headphones 

Even after sweaty 
gym sessions and long 
hours in the office, the 
sound quality of these 
remains perfect. 



o 

DW Home Tobacco 
Flower Candle 

I buy these candles 
three or four at a time— 
they smell divine and 
make any space feel 
welcoming and cozy. 



o 

Cuisinart Espresso 
Machine 

This elevates my coffee 
game. Whether I feel 
like an espresso or a 
cappuccino, I can make 
one exactly how I like it. 



Ludwig Drum Kit 

My grandpa taught 
me how to play 
on his kit and 
eventually bought 
me my first drum 
set a few years ago. 




COOLEST THING ON MY DESK 

A pencil holder made from old 
ball bearings that have been 
welded together. 
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quality and versatility of a Big Green Egg. 
Whether searing a steak at 750 degrees, 
roasting, baking or smoking low 
and slow, everything tastes better 

cooked in an EGG. 


Shop online for 
home delivery by 
a certified dealer in 
your own community 
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// EXPERT HACKS,GEAR RECS & LIFE-TESTED WISDOM FROM OUR STAFF // 




KORY KENNEDY 


Digital Designer 

But the creator 
is the man who 
disagrees. 


r ^ 

Parenting 

Hack 

I came up with “Activity 
Bingo” to get my 
sons away from their 
screens. It’s a bingo 
board with 25 physical 
activities, from 15 
mountain climbers to 
30 “Rocky” situps. Once 
it’s filled, they choose a 
non-digital prize. 

L J 


The Best Thing I Have on My Desk 

A baggie of “Blue Sky” from the 
set of Breaking Bad. (Although I 
question its purity—its dearly losing 
its bluish color overtime.) v 



PRODUCTS I’M USING RIGHT NOW 

O 

' X 

e 

Rabbit Lever 

Vans Comfy 

Corkscrew 

Cush Sneakers 

1 love the ritual of lifting 

So much softer and 

it out of the drawer, 

more cushiony than 

positioning it atop a 

a lot of other models. 

bottle, and smoothly 

Out of all my sneakers, 

extracting the cork. 

my new favorites! 



O 

LifeProof Vinyl 
Plank Flooring 

Finally pulled up the 
carpet and replaced 
with this flooring. It's 
designed to hide any 
repeating patterns. 


O 

JBL Bar 
Studio 

Hook up an optical 
cord, plug it in, 
and pump up the 
volume! 


My Favorite POP 
Story So Far 

“How Star Wars Filmmakers 
Built the Millennium Falcon.” 
As a Star TTfars-obsessed fan 
since day one, I got chills 
when my favorite “piece of 
junk” was reintroduced in 
The Force Awakens. It was 
inspiring taking a deep dive 
into its inception (not to 
mention geeking out while 
designing the story). 


The Best Money 
I Ever Spent 

I spent the majority of my 
childhood in arcades, so I 
saved up my quarters and got 
my own refurbished Donkey 
Kong Jr. arcade game. It’s 
upgraded with more than 30 
classic games, such as Mr. Do!, 
BurgerTime, Zaxxon, and the 
entire PAG-MAN family. 



Meet Jules and Vincent. 
As entertaining as their 
Pulp Fiction namesakes, 
with similar criminal 
tendencies. 
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From the 
Editor 

// ALEXANDER GEORGE // 


Should 
YourCar 
Have Solar 
Panels? 

OU CAN GET THEM ON THE NEW 



V Hyundai Sonata Hybrid Limited 
($35,300), which I tested one for a week, 
under existentially strange but mechan¬ 
ically ideal conditions. Except for a 
10-mile drive to the grocery store and 
back, the car sat in the driveway, its 205- 
watt system earning free, clean power, I thought. 

Hyundai estimates that a day with at least six 
hours of good sun will gain two miles of range. But 
those figures are for a car in Los Angeles—where 
a lack of driving has cleared pollution. The cloud- 
covered northeast, where I was, wasn’t as efficient. 
During my week with it, if the panels were working, 
I couldn’t tell. Maybe they were gathering power to 
run the air conditioning and radio. But the car’s 
range calculator (552 miles) was the same at dawn 
as it was at dinnertime. I thought about what Tesla’s 
GEO said a few years ago: “The least efficient place 
to put solar is on the car.” 

But I liked having them. It became a challenge 
to wait as long as possible before driving. You think, 
every trip I make by bicycle means more time for the 
panels to work, even if it’s just atrickle-charge that 
keeps the batteries healthy. It was like letting a plant 
grow. Besides, look. In Spring 2020, suddenly, every¬ 
thing that felt necessary—next-day shipping, fully 
stocked grocery stores—became a luxury. We had to 
realize that everything has a cost. 

The panels made me confront 
how much energy is required 
to buy fruit. I thought about 
whether I’d earned those miles, 
and whether they were necessary. 

You want to hold out, and see how 
few resources you can use. 


It reminded me of the first electric vehicle I 
ever drove, a Zero DS motorcycle. The first day, I 
ignored the range warnings and stranded myself 
at the side of a highway, like an idiot. After I had 
pushed the bike to a gas station and asked if I 
could use an outlet, I waited an hour until I had 
enough power to ride home. I should have thought, 
EVs just can’t meet our needs! But I came to like 
the idea of carefully planning my day around 
range and infrastructure, of only traveling the 
necessary minimum. I thought then, as I do now, 
that having to be deliberate makes us behave bet¬ 
ter and waste less. 

It probably helped that these months have 
forced me, and everyone, to be more self-suf¬ 
ficient. It took a catastrophe for me to learn 
embarrassingly simple things, like baking and 
bicycle maintenance. A car with solar pan¬ 
els pushed me in the same direction, away from 
waste. Of course, real restraint would mean 
quitting driving, and only riding that bicycle. 
Someday, maybe. □ 


P( n )T> TVIFfW Are y° u a SLJ bscriber, or just want more from Pop Mech? 

Join Pop Mech Pro to read our most in-depth features, 
access our expert how-to guides, and score exclusive discounts and invitations to 
events. Read more at popularmechanics.com/go/join. 
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Roasted American-grown pistachios 
are a source of protein that contain 
all nine Of the essential amino acids 
in adequate amounts for persons 
over five years of age, as shown by 
the Protein Digestibility Corrected 
Amino Acid Score (PDCAAS), and 
are therefore, a complete protein 
for that age group. 
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// BY ADRIENNE DONICA // 



N THE BLAZING SUMMER HEAT, NOTHING 

feels quite so refreshing as a sparkling cock¬ 
tail. Bartenders and the spirits industry have 
quenched our collective thirst with one fizzy 
drink after another, be it a scotch and soda, 
Aperol spritz, or most recently a White Claw. 
Canned hard seltzer—a low-ABV concoction 
of seltzer water, alcohol made from fermented 
sugars, and fruit flavors—became last summer’s 
unofficial drink, with sales skyrocketing by more 
than 286 percent, to $2.73 billion, from 2018 to 
2019. Trendy? Definitely. But new to the drinking 
scene? Not exactly. 


DBrure 

There Was 
White Claw, 
There Were 
Highballs 
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LAKOTA GAMBILL 
































FROM LEFT: GETTY IMAGES; LAKOTA GAMBILL; COURTESY DARCY O'NEIL 


“This is a drink that’s based off a long history of 
a similar drink,” says Derek Brown, who owns the 
award-winning bar G olumbia Room in Washington, 
D.G. “This is not very new that people are consuming 
essentially what amounts to a highball.” A highball, 
typically two parts whiskey to four parts carbon¬ 
ated water, is a classic cocktail that’s been around 
for more than 100 years. And like all classic cock¬ 
tails, it’s been remade time and again with different 
liquors and carbonated mixers used in roughly the 
same ratio as the original recipe. Jack and Coke, gin 
and tonic, vodka soda, and the Americano are just 
some of the ways that original recipe has been trans¬ 
formed into new drinks. Swap whatever spirit and 
mixer into the formula you like, and you’ll still get a 
relatively low-ABV, highly refreshing cocktail that’s 
simple to make and easy to drink. But the real secret 
to the highball’s staying power lies in the bubbles. 

Producing soda water is as straightforward 
as infusing carbon dioxide into H 2 0. “It’s a really 
simple product, but it seems to have captured the 
imagination of the world for a couple hundred 
years,” bartender and chemist Darcy O’Neil says. 
One reason is that bubbles make a cocktail more 
fragrant, a process you can see in action as small 
droplets of liquid come flying out of a glass. This 
primes our palate, helpingus parse out flavors, even 
before we’ve taken a sip and felt the fizzy sensation. 
“Carbonation is a unique feeling,” O’Neil says. 
“It’s actually a chemical reaction on your tongue.” 


Scientists first assumed the fizziness was the 
physical sensation of C0 2 expanding on our taste 
buds. Later, they discovered that the carbonic acid, 
produced when carbon dioxide combines with water, 
registers on our pain receptors as a mild irritant. But 
it’s the kind of irritation that most people enjoy, not 
unlike spicy foods. 

As simple as the carbonation process is, the 
world of fizzy water isn’t uniform, and unless you’re 
making highballs with homemade sparkling water, 
you’re going to face some choices at the liquor store. 
Club soda was once a trademarked name for seltzer, 
which has a very neutral, clean taste. (Today, the 
terms and the beverages can be used interchange¬ 
ably.) The high pressure used in the carbonation 
process results in large bubbles. Mineral water is 
similar but has a distinct saltiness introduced by 
the mineral content and typically has finer bub¬ 
bles (more akin to champagne’s) because of the 
lower pressure used in the bottling process. Brown 
likes to use it in a gin rickey (2 oz. gin, % oz. lime 
juice, and mineral water). Tonic is in another cat¬ 
egory altogether and best left for your G&Ts; the 
bitter-tasting quinine is usually balanced by a fair 
amount of sugar, and the more pronounced flavor 
can alter your cocktail’s taste. At the end of the day, 
Brown says, “Bubbly water is bubbly water.” Yes, 
there are differences, but your highball will taste 
just as refreshing whether you use seltzer, club 
soda, or mineral water. D 



PERFECT 

FOR 

SUMMER 

SIPPIN' 


THE RED CLAW 

1 oz. Campari 
6 oz. lime seltzer 
Dash of Peychaud’s 
Bitters 

Orange slice (optional) 

Fill a glass with ice. 

Pour in seltzer, followed 
by Campari and bitters. 
Stir briefly. Garnish 
with orange slice. 


HORSE’S NECK 

VA oz. whiskey 
(bourbon or rye) 

4 oz. ginger beer 
Peel from one lemon 

Place lemon peel into a 
Collins glass and fill with 
ice. Add whiskey, top 
with ginger beer, and stir 
briefly. For a twist, add a 
dash of aromatic bitters. 


ANGOSTURA 

PHOSPHATE 

!4 tsp. acid phosphate 
1 tsp. Angostura bitters 
1 oz. lemon syrup 
Soda water 

Combine the first three 
ingredients in a Collins 
glass. Add soda water and 
ice (if desired); stir briefly. 
Note: Acid phosphate adds 


a dry, tart flavor to drinks. 
You can buy it online. 

To make the lemon syrup: 
Stir % cup of sugar into the 
juice from four lemons. In 
another bowl, mix 1 tsp. 
of gum arabic and !4 tsp. 
of lemon oil. Combine 
the mixtures, heating if 
necessary, to incorporate. 
Refrigerate extra syrup. 
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Machines 



//BY ALEX HOLLINGS // 



IKE MANY OF AMERICA’S legendary aircraft, 
the B-52 was built to offset the Soviet threat 
that characterized the Gold War. The U.S. 
needed a bomber to reach far-flung Soviet 
targets, defeat their air defenses, and carry 
a massive atomic payload. 

— Boeing’s initial 1948 designs included 
swept wings and six massive turboprop engines—a 
nod to the Soviets’ long-range bomber, the Tupolev 
Tu-95 Bear. But when one brash Army officer 
fielded Boeing’s proposal and told the aeronautical 
designers to ditch the props, they came back with 
an all-new, eight-engine jet bomber. One Boeing ► 


The B-52 
Is America’s 
Longest- 
Serving Plane- 
and the Most 
Badass 
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Machines 


► historian would later call it “the perfect form of 
the subsonic jet.” 

The first B-52 Stratofortress hit the skies on 
April 15,1952, three years after the Soviet Union 
developed its first atomic weapon. It would take 
three more years for the nearly 160-foot long B-52 
to enter service, and once it did, the U.S. was eager 
to demonstrate its newfound bombing capabilities. 

It was the addition of looped-hose in-flight refu¬ 
eling technology that made the bomber a truly 
global threat. In January 1957, three B-52s con¬ 
ducted a simulated bombing run over the Malay 
Peninsula before landing safely a record two days 
later at March Air Force Base in California—less 
than half the time it took for Boeing’s B-50 Super¬ 
fortress to fly non-stop around the world in 1949. 

The B-52’s massive airframe allowed for weap¬ 
ons and electronics that hadn’t even been invented 
yet. For a time, the B-52 served as a low-altitude 
penetration bomber, coming in for runs at just 
300 feet above the ground to avoid rapidly devel¬ 
oping air defense systems. Eventually, the plane’s 
subsonic top speed made it too slow for highly con¬ 
tested airspace, but the advent of nuclear-tipped 
cruise missiles meant the B-52 could retain its spot 
in the airborne portion of America’s nuclear triad. 

Throughout the 1960s, B-52s carrying nuclear 
weapons under the banner of America’s Strategic 
Air Command were airborne 24 hours a day, cir¬ 
cling just outside of Soviet airspace to provide an 
immediate nuclear response to an attack. Today, 
the B-52 is the onlyjet in active service to run eight 
Pratt & Whitney turbofan jet engines, which allow 
it to carry 70,000 pounds of ordnance 8,800 miles 
without refueling. It’s also found use outside the 
nuclear realm thanks to its payload and loitering 
capabilities, and its deep weapons magazine and 
upgraded flight systems give it a place in precision 
bombing and close air support missions. 

B-52s have participated in combat operations 
throughout the Global War on Terrorism, including 
bombing runs over Afghanistan during Opera¬ 
tion Enduring Freedom. Recent upgrades to the 
B-52’s internal weapons bays now allow it to carry 
advanced Joint Direct Attack Munitions and Joint 
Air-to-Surface Standoff Missiles, alongside a bevy 
of other munition options. These upgrades have 
produced about a 66 percent increase in the B-52’s 
payload capabilities, helping to ensure the aircraft 
remains a workhorse for decades to come. 


Indeed, the B-52 should fly long after the last 
B-2 Spirit and B-1B Lancer—both to be replaced by 
the B-21 Raider, America’s next long-range, heavy 
payload bomber—are gone. Thanks to continued 
upgrades, the Air Force now expects its fleet of 76 
B-52Hs to remain in service until at least 2050. 

To sustain combat operations, the B-52 will 
need a slew of new technologies. The Air Force has 
already set about installing new cockpit displays, 
active electronically scanned array radar, and 
secure data links that make it a bomber and a valu¬ 
able aerial reconnaissance asset. The B-52 should 
also carry some of America’s first operational 
hypersonic missiles, which can travel sustained 
speeds in excess of Mach 5. 

The B-52 “Stratosaurus,” as some call it, may 
lack modern stealth capabilities, but its reliability, 
payload capabilities, and flexibility have ensured 
its continued service. While platforms like the B-21 
and F-35 Joint Strike Fighter may clear the path, 
once air defenses are down, the mighty B-52 will 
still bring the heat. D 


Going the Distance 


How has the B -52 
stood the test of 
time while other 
military aircraft 
haven’t? Because it 
was engineered to 
keep aerodynamic 
and payload forces 
in balance during 
missions, minimizing 
stresses that weaken 
other planes over 
time. Active B- 52 s 
aren’t patchwork 
quilts of structural 
components 
pilfered from retired 
airframes—they’re 
almost entirely the 
real thing, down to 
the flight controls, 
control surfaces, and 
cable linkages. 

The Air Force has 
also (mostly) held 


off on modifying 
the B- 52 ’s core 
hardware. While it 
seemingly makes 
sense to upgrade 
the eight low-bypass 
engines with four 
modern, high- 
bypass engines, that 
requires a costly 
redesign of the 
entire wing, since the 
new engines’ weight 
and placement 
would have been 
dramatically 
different from 
the original Pratt 
& Whitney J 57 
turbojets, which 
hung in pods of 
two each. Now 
that the Air Force 
has accepted the 
bomber’s heroic 


longevity, it’s 
weighing options 
for a re-engining 
program, since 
modern, more 
reliable engines 
include a variety of 
sensors that can 
monitor their health. 
With that upgrade 
and the arrival of 
modern inspection 
technologies that will 
help maintenance 
personnel 
assess possible 
metal fatigue in 
the structural 
components, there’s 
no reason the plane 
can’t continue 
servingthe U.S. 
military for decades 
to come .—Eric 
Adams 
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Cars & 
Trucks 

// BY EZRA DYER // 


How to Use 
Your 4WD 
System 


W ITH CROSSOVERS AND SUVS 

supplanting sedans as the default 
choice for everyday transporta¬ 
tion, it’s common for any given 
vehicle to sport four- or all-wheel 
drive (4WD and AWD). Most new 
models have fully automatic AWD 
systems that will detect wheel slip and automati¬ 
cally divert power to the wheels with traction, no 
driver involvement required. But in most trucks 
and some SUVs with 4WD, there will be at least two 
drive configurations you can choose from to max¬ 
imize your vehicle’s capability in a given situation. 
If you drive an SUV with an off-road bent, like a 
Toyota Land Cruiser, you have even more choices— 
high range, low range, locked or unlocked center 
differential. It gets complicated quickly. 

But let’s begin with the biggest topic of confu¬ 
sion: 4WD versus AWD. With AWD, there’s a center 
differential that allows the front and rear tires to 
rotate at different speeds. For commuting to work 
in three inches of sleet, AWD will keep you safe. 
Driving on something trickier than a snowy path? 
You’ll want 4WD, to eliminate slip in the system 
front-to-rear. If you’re ready to find out what your 
4WD system can do, start here. 



two- and four-wheel drive, and you’re 
on a normal road, use 4WD Auto. Both 
2WD and 4WD Auto are fine for dry 
pavement. The only advantage of run¬ 
ning in 2WD would be some marginal 
fuel-economy benefit, or saving wear on 
the front-drive system. But if it starts 
raining, already being in 4WD Auto 
means that extra traction will be there 
to save you, before you remember that 
you might need it. 



BEFORE 
YOU GO 
OFF-ROAD 


If you’re in mud, sand, 
or snow, even if you 
have four-wheel drive, 
electronic stability 
control (ESC) might 
actually get you stuck. 
That’s because the 
system is designed to 
cut power to any tires 
that are spinning— 


which, in this case, 
will be all of them—so 
you grind to a halt. But 
off-road, wheel spin 
is good, because it 
helps preserve forward 
momentum. To turn off 
ESC, find the button 
with squiggly lines, and 
hold it down for at least 


five seconds, until you 
get visual confirmation 
that the whole thing 
is off. Some cars, like 
Volvos, might not have 
a dedicated button, but 
it's in there some¬ 
where—even if it’s 
buried five menus deep 
in the touch screen. 
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Cars & 
Trucks 


4WD High locks the front and rear 
axles together, which is useful in 
only a few situations. For example, 
somewhere low-traction, but high¬ 
speed—probably off-road, like a 
desert wash. Here, 4WD High tends to 
feel more stable, since the truck won’t 
want to turn. But most of the time, if 
you have both, you’re better off in 4WD 
Auto, letting the system send power 
forward or back as needed. A friend 
used to have a late-’70s Jeep Chero¬ 
kee with 4WD Auto. The only time he 
needed to switch it into 4WD High was 
when he (successfully) drove through 
a pond. 
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4WD LOU) |—I 4WD Low uses gearing to multiply 

torque to the wheels, useful for slow 
trails or towing a boat out of the water. 
But generally, Low is strictly for slow 
off-roading, which is why it’s usually 
relegated to pickup trucks and SUVs 
that have serious off-road pretensions. 
A Toyota 4Runner would have it, but 
a Highlander wouldn’t. One use case 
for this setting: beach driving, where 
you want all the torque and traction 
you can get. Once in 4WD Low, you 
should also lock the rear differential, 
usually a switch on the dash with four 
tires and a little “x” between the rear 
ones. This locks the rear wheels side- 
to-side, which can be handy because 
if one side loses traction, the opposite 
side keeps spinning, powering you for¬ 
ward. (Just don’t use the diff lock on a 
corner, because the whole point of a dif¬ 
ferential is to allow your car to make a 
smooth turn, with the outside tire turn¬ 
ing faster than the inside.) There are 
also a few vehicles with a front differen¬ 
tial lock, but if you bought one of those, 
then you probably know how to use it. 
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Deep Math 


// BY ANDREW DANIELS // 


n * 2, S[2] ^ [2 x 1] x V* - 1 



] + k -,[k x.(k-l] x Va] + k Ik+l) x k x Vs 

We Spent All 
Day Arguing 
About This 
Triangle Brain 
Teaser. Can 
You Solve It? 



OTHING HALTS PRODUCTIVITY AMONG 

coworkers quite like a maddening brain 
teaser. The latest to ensnare the Popu¬ 
lar Mechanics editors and readers: How 
many triangles are in this drawing? 

When I posed the problem to our 
team, responses ranged from 4 trian¬ 
gles all the way to 22. Most people saw 18. One 
wiseguy counted the triangles in the A’s in the 
question itself, while another seemed to have an 
existential crisis: “None of these lines are truly 
straight, just curves—thus you cannot define any 
of them as a triangle,” he said. “There are no tri¬ 
angles in this photo. Life has no meaning.” 

I could’ve listened to my colleagues’ question¬ 
able processes all day, but instead, I reached out 
to geometry experts to see if we could arrive at 
a consensus. All of the mathematicians I con¬ 
tacted found the same solution—but not all of 
them figured it out in the same way. 

“I would approach this like one approaches 
any mathematical problem: reduce it and find 
structure,” says Sylvester Eriksson-Bique, PhD, 
a postdoctoral fellow with the University of Cal¬ 
ifornia Los Angeles’s math department. 

The only way to form triangles in the draw¬ 
ing, Eriksson-Bisque says, is if the top vertex 
(corner) is part of the triangle. The base of the 
triangle will then have to be one of the three lev¬ 
els below. “There are three levels, and on each 
you can choose a base among six different ways. 
This gives 18, or 3 times 6 triangles.” 

Look at the triangle again: “It’s convenient to 
generalize to the case where there are ‘n’ lines 
passing through the top vertex, and ‘p’ hori¬ 
zontal lines,” says Francis Bonahon, PhD, a 
professor of mathematics at the University of 
Southern California. 

In our case, n = 4, and p = 3. Any triangle we 
find in the drawing should have one top vertex 
and two others on the same horizontal line, so 
for each horizontal line, the number of triangles 
is equal to the number of ways we can choose two 
distinct vertices on that line out of n total points, 
Bonahon says—or “n choose 2.” 

That’s n(n-l)/2. And since there are p hor¬ 
izontal lines, this gives p*n(n-l)/2 possible 
triangles. In our case, that’s 3*4(4-l)/2 = 18. 

Here’s a breakdown of how to find each pos¬ 
sible triangle: 
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AAAAA 

AAA 

When we published the problem on Pop Mech, 
readers started sending in their own solutions. 
Software engineer Slobodan Jaksic came up with 
a mathematical proof to demystify the triangle 
teaser. It goes like this: 

Two lines meet at the top vertex denoted by 
“A,” and the segment line connecting those two 
lines is the “base.” The new polygon is the fun¬ 
damental triangle. We can place an arbitrary 
number of points on the base and connect them 
to the top vertex A. 

Assuming there are “n” vertices on the base, 
where n is a natural number greater than or 
equal to 2, we will prove that the new shape—let’s 
call it “pyramid”—contains a number of trian¬ 
gles equal to S(n) = n(n-l) * Vi. (See Fig. 1) For n 
= 2, S(2) = (2 * 1) * V 2 = 1. It is correct. 

Assuming the formula S(n) holds for n = k, 
with k greater than or equal to 2, S(k) = k(k-l) * 
Vi. We will prove that S(n), where n = k + 1, holds 
as well. (See Fig. 2) 

In the modified pyramid (See Fig. 3), there 
are “k” additional new triangles. Therefore, 

S(k+1) = S(k) + k = (k(k-l) *V 2 ) + k = (k+1) * 

k*y 2 . 

Modify the pyramid by extending both edge 
lines, and all lines between them connect to the 
top vertex A, beyond the base, in the direction 
opposite of the top vertex. Create new bases by 
connecting one or more segments parallel to the 
starting base. 

Assuming there are a total of “m” bases in the 
pyramid, we can prove the formula calculating 
the number of triangles in the structure is: S(n, 
m) = n(n-l) * Vi * m. 



THE 

MATHEMATICAL 

PROOF 


When Slobodan Jaksic 
stumbled upon our brain 
teaser, the software 
engineer living in Serbia 
counted the triangles 
sideways along the x-axis 
and vertically along the 
y-axis before assembling 
his proof. As such, it 
breaks down into hori¬ 
zontal and vertical steps. 

“I sent my ‘concep¬ 
tual solution’ using 
Mathematical Induction 
to Francis Bonahon, Pro¬ 
fessor of Mathematics, 
University of Southern 
California,” Jaksic says. 
“He provided...his solu¬ 
tion to the problem, with 
a correct formula, using a 
different approach.” Let 
that be a reminder that, 
even among the pros, 
there are always multiple 
ways to approach a 
problem. 


A 



A1 A2 A3 

Figure 1 


An 


A 



Figure 2 
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Figure 3 


Let’s prove that the formula holds for m = p + 
1. (See Fig. 3) The number of new triangles can 
be given as: (n-1) + ... + 2 + 1 = n(n-l) * V 2 . Con¬ 
sequently, S (n, p+1) = S(n, p) + (n(n-l) * V 2 ) = 
(n(n-l) * V 2 ) * p + (n(n-l) * V 2 ) = (n(n-l) * V 2 ) (p 
+ !)• 

According to the Principles of Mathemati¬ 
cal Induction, we just proved the total number 
of triangles in the pyramid is given through the 
formula S(n, m) = n (n-1) * V 2 * m, where n and m 
are natural numbers, n is greater than or equal 
to 2, n is an arbitrary number of vertices, and m 
is an arbitrary number of bases. 

Hat tip to Slobodan. Here I was just trying to 
annoy my coworkers. Q 
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Science 

// BY CAROLINE DELBERT // 






Why Our 
Bodies 
Have Gotten 
Colder With 
Each Passing 
Decade 



INCE THE GERMAN PHYSICIAN CARL 

Reinhold August Wunderlich published 
his research on human body tempera¬ 
ture in 1868, 98.6 degrees Fahrenheit 
has been the gold standard. Now scien¬ 
tists say that number may be inaccurate. 
Thanks to improved health outcomes— 
meaning people are generally healthier and 
getting better overall medical treatment—the 
average human body temperature has fallen grad¬ 
ually overtime. 

“Much as we have changed the Earth ecosys¬ 
tem, we are changing our own ecosystems,” says ► 
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Science 


► Julie Parsonnet, MD, a professor of epidemi¬ 
ology at Stanford University. “We have changed 
who we are over the modern era.” She and her team 
analyzed more than 670,000 reported tempera¬ 
tures spanning 157 years of measurement and 197 
birth years and found that our temperature has 
dropped 0.05 degrees Fahrenheit per decade since 
the mid 1800s. The study was sparked by a review 
of modern temperature studies where patients 
uniformly fell below the 98.6-degree Fahrenheit 
mark—a signal that something was rotten in the 
state of human body-temperature research. 

Parsonnet and her team studied three large sets 
of data from between 1862 and 2017: temperatures 
taken during periodic checkups with Civil War vet¬ 
erans between 1862 and 1930; National Health 
and Nutrition Examination results from the early 
1970s; and data from the Stanford Translational 
Research Integrated Database Environment proj¬ 
ect taken from 2007 to 2017. 

Controlling for changes in how temperatures 
were taken and advances in thermometry across 
the large pool of data, they compared body tem¬ 
perature with birth years and found that the 
average body temperature in men and women 
has gone down 0.05 degrees Fahrenheit per birth 
decade. 

In their paper published in the journal eLife, 
Parsonnet and her colleagues suggest that a 
change in inflammation levels over time is the 
most likely explanation for the decrease in 
temperature. Inflammation can be caused by bac¬ 
terial, fungal, or viral infections, surface injuries 
like scrapes and punctures, or inflammatory con¬ 
ditions like cystitis, bronchitis, and dermatitis. As 
part of the body’s immune response, inflamma¬ 
tion produces cytokines and other proteins that 
increase metabolism and generate heat. 

The development of germ theory (that micro¬ 
organisms can cause disease) and advances in 
hygiene have changed how often many of these 
conditions occur. Today, the length of bacte¬ 
rial infections is shortened by antibiotics. And 
the symptoms of viruses can often be alleviated 
with anti-inflammatory drugs like ibuprofen 
and naproxen, which can bring down your body 
temperature. Civil War veterans plagued with ail¬ 
ments in the 1800s weren’t as lucky. 

Our environment has changed, too. We now 
have access to healthier foods and are more 


if 


MUCH AS WE HAVE CHANGED 
THE EARTH ECOSYSTEM, WE 


ARE CHANGING OUR OWN ECOSYSTEMS, 
SAYS JULIE PARSONNET, MD, A 
PROFESSOR OF EPIDEMIOLOGY AT 
STANFORD UNIVERSITY. 'WE HAVE 
CHANGED WHO WE ARE OVER THE 


// 


MODERN ERA. 


// 


hygienic. We’ve learned to heat and cool indoor 
spaces more efficiently, which may also contrib¬ 
ute to a lower metabolic rate. These environmental 
changes beget physiological changes. “We’re taller, 
fatter, and colder,” Parsonnet says. We also live a lot 
longer than the average Civil War veteran. 

The world has certainly become a safer, health¬ 
ier place for humans, but the researchers say it’s 
hard to single out any one environmental change 
that’s lowered our temperatures. 

Parsonnet says that changing the human body 
creates ensuant mysteries: what are the outcomes, 
and how do they change as a consequence of our 
actions and environment? “They could be good— 
greater life expectancy, for example. They could 
be bad—causing obesity and perhaps limiting our 
ability to deal with new pathogens,” Parsonnet 
says. “Changing fundamentally who we are may 
have surprising consequences.” 

Parsonnet and her colleagues did not iden¬ 
tify a new average body temperature guideline 
in their study. A recent large review, a 2017 study 
published in the British Medical Journal, for 
example, found the average body temperature 
of 35,488 British patients to be around 97.88 
degrees Fahrenheit. However, because each per¬ 
son’s own temperature constantly fluctuates and 
can be influenced by factors like gender, age, and 
the time of day, many researchers have questioned 
whether an ideal temperature standard should 
even exist. D 
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Pro Challenge 


// BY ANDREW DANIELS // 


Reader 

Challenge: 

Build 
Something 
Useful 
With LEGO 



” HE MISSIVE TO POP MECH READERS, VIA 

Instagram, was this: Make some¬ 
thing with LEGO that will make your 
(or someone else’s) life easier, and 
show us the results. We weren’t look¬ 
ing for the complexity or aesthetics 
you see in expert LEGO builds—even 
though those are awesome. We were looking 
for utility. Plastic bricks, Technic gears, and 
minifigures from existing kits were allowed, 
but we asked that builders steer clear of any 
instruction manuals. The job was to engi¬ 
neer your own solution. As one builder put 
it, “I just see any box of LEGO as a box of 
parts.” Another worked from the same phi¬ 
losophy: “I love the concept of hacking items 
to get more uses out of something you already 




own. 


>5 


Of all the projects tagged for the #PopMech 
ProChallenge, here are a few of our favorites, 
and the story from their creators. 


AUTOMATIC TOILET PAPER 
DISPENSER 

The Builder: Steve Guinness 
@thebrickconsultant 

Guinness builds commissioned 
LEGO models for customers, and is 
the British LEGO Masters champ. “I 
dream in LEGO, wake up with new 
ideas, and head straight to my stu¬ 


dio and get building,” he says. But 
he saves his best ideas for family. 

Forthis build, Guinness wanted 
to help his 11-year-old son, Obby, 
who had just broken his arm. When 
Guinness came across a LEGO 
Star Wars BOOST Droid Com¬ 
mander set, he found what he 
needed for an automatic toilet 
paper dispenser, including motors 
and motion sensors that you can 
control remotely with a program- 
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STEVE GUINNESS (TOILET PAPER); AYGUL IDIYATULLINA (PEDAL) 



▼ 

KICK DRUM PEDAL 


The Builders: Aygul and Charlie 
Stevens @myn_syn 

Aygul Stevens never learned how 
to build with instructions. Credit 
her inventor dad, who fashioned 
makeshift devices out of household 
items, like a toe shield built from 
toy metal construction pieces. 

Now, Stevens has passed on that 
DIY ethos to her 5-year-old son, 
Charlie. 

When Charlie’s teacher tasked 
him with building a musical instru¬ 
ment, he decided to make drums. 
For the pedal that powers the kick 
drum, he and his mom fetched a 
few gizmos from Charlie’s Klutz 
LEGO kit—his edition was filled 
with tools that help kids learn 
about physics. With those parts, 
they built a system that pulls the 
pedal down, and moves the rubber 
ball head forward. 

Naturally, Charlie enjoys making 
plenty of noise with his new gear— 
“but he loves the building stage [of 
a project] more than the playing 
one,” Aygul says. 


mable app. Once he designed the 
machine, the programming was 
easy: Instead of an on/off switch, 
he and his son set a distance for the 
motion sensor, so when they waved 
their hands in front of it, the motor 
automatically started. 

They’ve since dismantled their 
TP device to concoct the next 
thing: a contraption that automat¬ 
ically winds spaghetti and feeds it 
straight into your mouth. 
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Pro Challenge 


▼ 

SHIRT BUTTONS 


The Builder: Carley Lauder @offthepagelearning 

For years, Lauder, a Hong Kong-based educator, 
has made LEGO part of her classroom curriculum. 
“LEGO levels the playing field in play and conversa¬ 
tions between kids and adults,” she says. However, 
“many adult fans of LEGO make amazing models 
with skills, time, and money that I don’t have—yet.” 

That’s why Lauder, also an amateur seamstress, 
picked a deceptively simple project for this chal¬ 
lenge: sewing round LEGO plates onto a collared 
shirt, and using them as buttons. 

Lauder attached the light-gray plates—a color 
that’s “not obviously LEGO until you get close up”— 
with four main stitches branching out from the 
center axle holes, and wrapped the thread around 
itself between the plates and fabric to form small 
shanks. The clever hack took one hour, tops. 

“I love builds that do something as well as look 
awesome,” she says. 





A 

TABLET STAND 


The Builder: Siddhaant Gajendra 
@sidg_06 

When his college campus closed 
due to the pandemic, Gajendra, an 
architecture tech student, suddenly 
found himself reimagining his home 
workspace. “I like things to work the 
way I want them to,” he says. And 
there was one obvious problem: His 
tablet wouldn’t stay upright, where 
he could see it. It kept sliding down, 
interrupting his studying. So he 
devised a solution. 

Using Technic parts, Gajendra 
grabbed various length beams, 


pegs, and frames, and got to work. 
To build a sturdy support base that 
would stop the tablet from slipping 
without obstructing the view, he 
found a few C-shaped parts that fit 
just right. And when the parts that 
connected the stand’s rear leg to 
the main frame were a bit longer 
than necessary, Gajendra used 
those pieces to fine-tune the slant 
of the stand for the best possible 
viewing angle. 

It was a straightforward fix that 
settled a pesky problem. “I wanted 
to showcase the effectiveness of 
simple designs,” says Gajendra. 
“Things do not have to be compli¬ 
cated to work.” D 
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HOW ABOUT AN ADDITIONAL 15% SAVINGS? 

YOU COULD BE ELIGIBLE FOR THE GEICO GIVEBACK 

Whether you've been driving a remote-control car as a substitute for your 
commute or building your favorite make and model out of paper and glue, 
we get it. You're eager to get back on the road. And we're eager to share 
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receive a 15% credit for their full policy term. And because we're in this for the 
long haul, the credit is effective through October 7,2020. Limitations apply. 
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The Babylonian 
Map of the World, 
etched in the 6th 
century B.C. 
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The map has no single origin or known inventor. 

But these breakthrough maps illuminate the milestones 
of science and discovery that guided civilizations— 
and define how we view the world today 
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BABYLONIAN 

MAP OF 
TOE WORLD 

THE OLDEST SURVIVING WORLD MAP 

The oldest surviving world 
map depicts the worldview of 
Babylonians circa 600 B.G. 
The 5-inch stone tablet is cen¬ 
tered around Babylon, the wide 
rectangle, which straddles the 
Euphrates River, depicted by the 
crooked lines running from top 
to bottom. Babylon, likely the 
world’s most populous city at the 
time, is surrounded by neighbor¬ 
ing cities represented by small 
circles, all within a greater cir¬ 
cle to denote the ocean. Though 
its geography is limited, this 
map reveals the inherent bias of 
mapmakers to place themselves 
at the literal center of the world. 

Other early maps served more 
practical needs, such as the stick 
and shell charts built to denote 
currents around islands in the 
South Pacific over 2,000 years 
ago, or the Egyptian papyrus 
maps that led miners through 
the desert in the 12th century 
B.C. But the Babylonian Map of 
the World is the earliest example 
of a political map used to cham¬ 
pion a country or city. 
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► The Greeks were the first 
known culture to apply a scien¬ 
tific approach to measuring and 
mapping the world. The philos¬ 
opher Pythagorus theorized as 
early as the 6th century B.C. that 
the Earth was round. And by 200 
B.C., the scholar Eratosthenes 
compared the angles of shad¬ 
ows cast simultaneously in two 
distant cities to accurately esti- 
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a No original maps from Geographic* 
survived, but this, the oldest recreation 
was constructed in the 14th century 
according to Ptolemy’s map projection 
and locations. 




mate the planet’s circumference 
within 1,000 miles. 

Combining the work of 
earlier Greek scholars with 
travelers’ stories and town 
records from across the then- 
Roman world, Greek-Egyptian 
astronomer Ptolemy compiled 
Geographia, an eight-volume 
atlas that formed the basis for 
the next 1,500 years of map¬ 


making. Completed around 
150 A.D., Geographia served 
as a how-to manual for cartog¬ 
raphy. Ptolemy explained map 
projections—depicting a globe 
on a flat plane. And he listed 
the coordinates for 8,000 loca¬ 
tions in the recorded world—at 
the time, Eurasia and northern 
Africa—based on parallels of 
latitude and meridians of lon¬ 


gitude, a precursor to today’s 
system. 

Maps based on Ptolemy’s 
blueprint for the shape and size 
of the world informed Colum¬ 
bus’s voyage to the Americas and 
led Ferdinand Magellan’s expe¬ 
dition around the globe. Yet his 
work disappeared with the fall of 
the Roman Empire, not reemerg¬ 
ing for almost 800 years. 
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TMIU 

MtERMNA 


AN UPDATE 
FOR THE 
NEXT 

MILLENNIUM 


► The Tabula Rogeriana, or 
Book of Roger, was completed 
by Moroccan cartographer 
Muhammad al-Idrisi in 1154. 
Compiled over 15 years for 
King Roger II of Sicily—who 
hoped the map could inform 
and expand his rule—the book 
included a world map with 70 
regional maps, each accompa¬ 


nied by a detailed description 
of their cities, roads, rivers, and 
mountains. For the next three 
centuries, it was among the most 
accurate geographic works in 
existence of the known world. 
It later helped guide Vasco da 
Gama’s voyage to India by sea. 

Though it was produced for a 
Norman king in Italy, the atlas 
was a culminating achievement 
from the Islamic Golden Age— 
while science took a sabbatical 
in most of Europe during the 
early middle ages. 

Al-Idrisi’s work was in large 
part based on Geographia, which 
was rediscovered and translated 


into Arabic around the 9th cen¬ 
tury. Islamic cartographers built 
on Ptolemy’s work and corrected 
errors based on their knowl¬ 
edge of the growing empire. 
They accurately drew the Indian 
Ocean as open and connected to 
the Pacific Ocean, instead of Pto¬ 
lemy’s landlocked sea. 

Islamic mapmakers also pro¬ 
duced some of the most elaborate 
charts of the era, largely inspired 
by the need to determine the 
direction of Mecca from any¬ 
where in the world. Islamic world 
maps were oriented with south at 
the top, looking “up” toward the 
holy city. 
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◄ Drawn 
by Muslim 
cartographer 
Muhammad 
al-ldrisi, this map 
of North Africa 
and Eurasia 
places south, 
the direction of 
Mecca, at the top 
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Where Be 
Dragons? 
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The famous warning “Here 
Be Dragons” is a map myth: 
It was never actually writ¬ 
ten on old maps, though a 
Latin version appears on 
one 16 th-century globe. 
Instead, the phrase rep¬ 
resents the illustrations of 
monstrous sea serpents, 
toothy beasts, and strange 
peoples that frequently 
adorned medieval and 
Renaissance maps. 

In most cases, map 
monsters were simple dec¬ 
oration, strategically filling 
in the empty parts of the 
map. (Cartographers are 
known to abhor a blank 
space.) But often, these 
imaginary beasts were 
seen as very real threats, 
born out of inflated trav¬ 


elers’ tales and infused 
with religious myth and 
folklore. They were often 
drawn lurking in uncharted 
waters, where they sig¬ 
naled the dangers that lie 
beyond the known world. 

On some medieval 
world maps, the inhabi¬ 
tants of distant lands are 
depicted as strange myth¬ 
ical peoples. You’ll find the 
headless “blemmyes” with 
faces in their chests, the 
desert “sciapods” with a 
single giant foot to shield 
the sun, and the “antipode- 
ans” who live on the other 
side of the world (the Aus¬ 
tralian continent from the 
Europeans’ perspective) 
and whose feet point in the 
opposite direction. 


July/August 2020 35 


























































































































































































A (tobdibu 




«r«- 


rnwipoi 


luiH nmfl 



▼ The two far 


right pages of 


the Catalan 

f 

Atlas (pictured) 


depict central 
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and eastern Asia 
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based on Marco 


Polo’s travels. 


First mentioned in 11th cen¬ 
tury China, the compass spread 


nean and Black Sea with enough 
accuracy that ships could navi- 


ing the East and West, and with 
it, a new type of European map 
came into vogue, called a porto- 
lan chart. These nautical maps 
were covered in crisscrossed 
lines indicating the bearing 
of trade routes between ports. 
The oldest surviving exam¬ 
ple, the Carte Pisane, dating 
to 1290, charts the Mediterra- 


famous and expansive porto- 
lan map is the Catalan Atlas. 
Drawn over eight pages of vellum 
in 1375 by Majorcan cartogra¬ 
pher Cresques Abraham, it was 
the first world map to include 
the compass rose and stretched 
from the western edge of Europe 
and North Africa to China’s 


eastern coast. 


Ancient sailors navigated the 
seas by keeping in sight of land 


If clouds rolled in, they pulled in 
their sails and waited for better 
visibility. 

The discovery of the com¬ 
pass—a magnetized needle on 
wood, floating in water, align¬ 
ing itself with the magnetic 
poles—changed navigation. Sail¬ 
ors could safely venture into the 
open sea without visual cues. 
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MERCATOR 


MAP OF 


THE WORLD 


THE FIRST MODERN MAP 


The compass sparked a shift 
back to geographical maps 
made for practical navigation. 
Religious symbolism defined 
most medieval European map¬ 
making. (Maps could tell you 
the rough direction of Eden, but 
not how far away it was.) In the 


early 15th century, European 
monarchs began to explore the 
Atlantic and Indian Oceans in 
search of new trading routes to 
the East. At the time, Ptolemy’s 
Geographia was translated 
into Latin, marking the start 
of a boom in exploration and 
mapmaking. 

As the 16th century saw 
the most complete maps of the 
world, it also overcame one of the 
thorniest problems of cartogra¬ 
phy: how to navigate a spherical 
globe on a two-dimensional map. 
Picture flattening an orange 
peel against a flat surface—it’s 
impossible to do so without dis¬ 
torting its shape. Ptolemy had 
tackled this, but navigators still 
couldn’t achieve the simple task 


of plotting the shortest course 
between points on a map with a 
straight line. 

In 1569, Flemish-German 
cartographer Gerardus Mer¬ 
cator solved this millennia-old 
problem with a new map projec¬ 
tion: Earth as a cylinder, which 
unrolled to a square grid of 
latitude and longitude. The pro¬ 
jection spaced lines of latitude 
increasingly far apart as they 
got farther from the equator. 
The disadvantage of this pro¬ 
jection, which we still see today, 
is that it distorted landmasses 
toward the poles. Eurasia and 
North America are enlarged, 
while regions at the equator, 
such as most of Africa, appear 
misleadingly small. 
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AERIAL MAP 
OF MANHATTAN 

MAPPING FROM ABOVE 

The first photograph taken 
from the air was shot from a 
260-foot-high hot air balloon 
in 1858. It was an inauspicious 
start—and that photo of a small 
French village was lost—but 
aviation would revolutionize 
mapmaking. From above, a pho¬ 
tograph could gather a huge 
amount of data at atime, a major 
improvement on labor-intensive 
ground surveys. 

When World War I broke out, 
maps became powerful weap¬ 
ons. A detailed trench map of the 
front line allowed for artillery 
bombardments to be carried out 
without practice shots, retaining 
the element of surprise. 

After the war, aerial pho¬ 
tography spread to civilian use 
and the Fairchild Aerial Map of 
Manhattan ushered maps into 
pop culture consciousness. New 
York City entrepreneur Sher¬ 
man Fairchild, who had been 
developing new aerial photog¬ 
raphy techniques for World War 
I, introduced an aerial camera 
that automatically snapped pho¬ 
tos and turned the roll of film at 
timed intervals. 

Mounted under a war-surplus 
biplane flying 10,000 feet high 
over New York, the camera 
snapped photos of the city every 
27 seconds over a 69-minute 
flight up and down the island. 
The negatives were then over¬ 
lapped to form the detailed 
Manhattan grid with a precision 
that set the standard for the next 
50 years of aerial mapping. 
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GOOGLE STREET VIEW 


Machu Plcchu 



See Inside 


signals. When an object on 
Earth’s surface receives a sig¬ 
nal from at least three satellites, 
its precise geographic coordi¬ 
nates can be determined within 
centimeters. 

In 2000, the Department 
of Defense lifted its policy of 
degrading the accuracy of its 
GPS tracking for civilian use. 
From the ensuing technology 
boom, Google emerged with a 
trio of products—Earth, Maps, 
and Street View—that together 
created the most complete world 
map. 

Released in 2005, Google 
Earth provided an interactive, 
3D image of the globe formed 
from millions of overlapping 
satellite photographs overlaid 
on a 3D digital earth. Close-up 
3D details are added from aerial 
images that capture the depth of 
buildings and terrain. 

Started in 2006 with vans 
driving around six major U.S. 
cities with GPS sensors and 
multi-lens cameras mounted 
on top, Google Street View rec¬ 
reates the Earth from eye level. 
In 2017 the Street View cameras 
were updated with laser scan¬ 
ners that record the dimensions 
and depth of the objects being 
photographed to create a 3D 
view along the way. These cam¬ 
eras, aided by crowdsourced 
data and machine learning, 
have mapped millions of miles 
of roads across 87 countries 
on all seven continents. Com¬ 
bined with Maps, Street View 
and Earth literally put the world 
in billions of people’s hands. It 
is now possible to navigate and 
explore nearly anywhere on 
Earth—try Everest Base Camp 
or Rome’s Coliseum—with a 
click and zoom. 


GOOGLE EARTH, 

MAPS, AND 
STREET VIEW 

THE WORLD, IN YOUR POCKET 


► The Gold War drove the next 
leaps in mapping technology. 
The launch of Sputnik sparked 
the development of GPS when 
MIT scientists realized they 
could track the Soviet satellite 
from the ground by observing 
how its radio signal changed as 
it moved, and likewise, objects 
on Earth could be located based 
on their distance from satellites. 

Early satellite navigation 


experiments were developed by 
the U.S. military to track inter¬ 
continental missiles in the 
1960s. And by the early 1970s, 
the military launched the first 
Global Positioning System, 
NAVSTAR, which could deter¬ 
mine precise spatial coordinates 
for anywhere on Earth. Today a 
full constellation of GPS satel¬ 
lites (about 27) circles the globe 
twice a day, transmitting radio 
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] Street View Photosphere 
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◄ Visit Machu 
Picchu via Google 
Earth and hike 
the Inca Trail with 
Street View. 
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THE FUTURE OF 



LECTRIC SUPREMACY IS 

indisputable: More power, 
immediate torque, supe- 
““ rior ground clearance, 

and in-hub motors com¬ 
manding each wheel make 
— electric vehicles (EVs) 
ideal for a demanding go-anywhere 
adventure compared with diesel- or 
gas-engine vehicles. 

EVs 1 in-hub motors are optimal 
for all-wheel-drive traction and han¬ 
dling, and trucks’ high ride height 
affords graceful incorporation of 
a floor-mounted battery pack. The 
lack of other underbody components 
like exhaust pipes or gas tanks grants 
EVs better ground clearance than 
gas-engine trucks, and thanks to 
zero emissions from the tailpipe, your 
adventures will be more eco-friendly. 

For truck buyers weaned on V-8s, 
these pickups defy the sparing out¬ 
put of other EVs. “These are muscle 
trucks—they’re monsters,” says 
Ed Kim, vice president of industry 
research firm AutoPacific. 

In-hub motors are one of the keys 
to EVs’ powerful potential. While 
a gas-driven engine runs from the 
front of the vehicle to the axles, 
an in-hub motor resides individu¬ 
ally in each wheel’s hub. This more 
direct mode of power delivery offers 
greater precision and efficiency, and 
thanks to the motors’ simple design 
and fewer parts, they’re cheaper to 
maintain than a traditional engine. 

Placing in-hub motors at the 
truck’s corners also liberates design¬ 
ers from the three-box layout of a 
traditional pickup, but these early 
models still skew old-school, turn¬ 
ing the nose’s “engine” compartment 
into extra storage. In the future, 
e-trucks might not appear like clas¬ 
sical trucks at all. 




PRICE: $69,900 + 


RANGE: 230-400 ITI11 e S 


release: Early 2021 


THE RIVIAN R1T WILL BE THE FIRST EV 

truck to reach the market. Set for early 
2021, the four-door features up to 750 
hp, 829 lb-ft of torque, a quartet of in-hub 
motors, and a battery pack upgrade for 
180 kWh—the most power we know of in 
this crop. The peak setup provides a pro¬ 
jected 0-to-60 time of 3.0 seconds, 400 
miles of range, and an 11,000-lb towing 
capacity—enough to pull a 35-foot travel 
trailer. The base 105 kWh, 230-mile range 
R1T will cost $69,000, per Rivian, with 
more pricing details to come. 

In the field, adjustable power delivery 
to individual wheels provides intense grip 
for the R1T in slippery conditions, and an 
adjustable air suspension system com¬ 
bines sportscar-like roll stiffness with 
dune buggy-esque impact absorption. The 
R1T links its right-hand compression cir¬ 
cuits with its left-hand rebound circuits, 
same with the front and back, to minimize 
impact, and compared to active hydraulic 
suspension, it uses far less energy, mini¬ 
mizing impact on battery range. 

In addition to a “frunk” under the 
hood, the R1T sports a pass-thru “gear 
tunnel” between the bed and rear doors. 
Rivian will produce adventure modules 
like a camping kitchen, cooler, and tackle 
kit for the tunnel. A cloud-connected 
infotainment system up front incorpo¬ 
rates on- and off-road maps, too. 
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BOLLINGER B2 


Built to Work 

PRICE: $125,000 


RANGE: 200 ITlHeS 



MICHIGAN STARTUP BOLLINGER 

otors takes a retro-modern approach 
their $125,000 B2. Its rectilinear 
features sharp corners outside, 
r-coated switches within, and 
absence of screens or driver- 
ce tech. Bollinger will be the 
ctric truck in this group to 
abed-less cab-on-chassis version, 
into a box truck or tow truck, 
e B2 focuses on ultra-off-road 
ility, combining military transport- 
esque portal gear hubs with a height- 
adjustable hydro-pneumatic suspension, 


offering a class-leading 20 inches of 
ground clearance. Translation: fewer 
instances where you’ll have to stop 
and turn around before an obstacle in 
the road. The B2 hosts a 120 kWh bat¬ 
tery pack, and front and rear motors 
that drive all four wheels—good for 614 
hp/668 lb-ft of torque. That powers the 
B2 from 0 to 60 in 4.5 seconds and pro¬ 
vides a 200-mile range. If the Rivian is a 
Swiss Army knife, this is a machete. 















































GENERAL MOTORS HAS YET TO UNVEIL THE 2022 GMC HUMMER EV, ITS FIRST ELECTRIC TRUCK, 

but early details indicate the company is reviving its profligate nameplate for a 1,000 hp all-wheel- 
drive electric pickup capable of a 3-second 0-to-60. Meanwhile, Ford is being similarly tight-lipped 
about its forthcoming F-150 electric, besides that it’ll be released “in a few years.” Expect both of 
these trucks to be more mainstream plays, electric Trojan horses designed to lure in traditional 
pickup buyers to this nontraditional category. 



EV JUGGERNAUT TESLA’S 

entry in the category is the out¬ 
rageous, apocalyptic Gybertruck. 
It boasts class-leading capac¬ 
ity with seating for six, an 
unmatched 500-mile range, up 
to 14,000 lbs of towing capac¬ 
ity, and loads of lockable storage, 
including its retractable “vault” 
(Tesla-speak for bed) cover. The 
truck’s planar body panels are 
scratch- and dent-resistant cold- 
rolled stainless steel. Expect 
blistering acceleration in the top 
trim, with 0-to-60 times of less 
than 2.9 seconds for the tri-motor 
variant. For an additional $7,000, 
Elon promises “full self-driving” 
capabilities—apparently for 
those who don’t want to do their 
own dirty work. D 


TESLA 

CYBERTRUCK 

"Fury Road" Goes 

Electric 

price: $39,900-$69,900 
RANGE: 500 NlHeS 
release Late 2021 
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ON AUGUST 5, 2013, CHEF RICHARD 

McGeown was in London, preparing 
to film a cooking segment on Brit¬ 
ish television. McGeown was searing 
a burger, something he’d done count¬ 
less times before. But this time, an 
estimated billion people would be 
watching or reading about what was 
about to transpire. Because the round, 
pink mass McGeown was cooking was 
a $325,000 burger made from stem 
cells cultivated in a lab by scientists in 
the Netherlands. 

“It’s close to meat,” said Hanni Riitz- 
ler, a food trend researcher who tried 
the so-called in-vitro patty. But, she 
noted, it lacked fat and juiciness. Per¬ 
fection wasn’t the goal for Mark Post, 
the lead scientist behind the burger. 
“This is just to show we can do it.” 

Futurists have imagined growing 
meat from cells for decades. In an essay 
containing his predictions for a world 
fiftyyears beyond its 1931 publication 
date (republished in the March 1932 
issue of Popular Mechanics), Winston 
Churchill described a future where 
we “escape the absurdity of growing a 
whole chicken” in favor of a lab-grown 
breast or wing. 

We’re still probably a decade away 
from lab-grown hot wings, but cul¬ 
tured chicken nuggets and burgers 
might be available in the next two 
years, says Kate Krueger, PhD, a cell 
biologist and the director of research 
for New Harvest, an organization that 
funds cultured meat research. Initially, 
those products will probably appear in 
restaurants, but eventually they’ll hit 
grocery stores. 

Still, chasing cultured meat is 
“a bet,” concedes Josh Tetrick. The 
39-year-old is the CEO and co-founder 
of Just, an eight-year-old San Francisco 


company that ► Futurists have 

i , . imagined growing 

makes a plant- meatfromcells 

based mayonnaise for decades, 

and an egg scram¬ 
ble made from mung beans. Now, 
Tetrick is hell-bent on proving that cul¬ 
tured proteins alone, not plant-based 
substitutes, have the unique ability 
to completely replace conventionally 
farmed meat in our diet. 

The cells that comprise a cultured 
steak are nearly identical to those in 
the meat from a butchered cow. Both 
are made of animal tissue, with very 
few differences. In other words, as Tet¬ 
rick says, cultured meat is real meat. 



PAOLA BIGNONE, PH.D., SENIOR 

research scientist on Just’s Cellular 
Agriculture team, peers into a micro¬ 
scope under a fume hood in one of the 
company’s cultured meat labs. The lab 
looks like any other research facility, 
lots of white and stainless steel. But 
what happens in this lab is anything 
but ordinary. The team keeps mum on 
many of the particulars of the growing 
process, especially the nutrient cocktail 
that is fed to the cells, because the cost 
and efficacy of that cocktail are what 
will undoubtedly determine which of 
the 20-plus companies that are work¬ 
ing on cultured meat will win the race 
to market. 

The process of making cultured 
meat is actually much closer to the pro¬ 
cess of growing organs for transplant 
than it is to raising and slaughtering 
conventionally farmed animals. 

Bignone starts with a very small 
cluster of cells: All that’s needed is 
a push pin-sized tissue biopsy usu¬ 
ally taken from the muscle tissue of a 
live chicken. Though that first burger 
cooked in London came from cells 
from a dead cow, these days the source 
livestock are all very much alive. “We 
don’t need to sacrifice the animal,” 
says Vitor Espirito Santo, PhD, the 
Director of Cellular Agriculture for 
Just, who leads the company’s cul¬ 
tured meat team. “The tissue samples 
can be taken out in a way that’s fairly 
painless” using local anesthesia, says 
New Harvest’s Krueger. “They don’t 
feel anything and they’re happily back 









out in the field that very day.” And you 
can grow quite a bit of meat from just 
a few cells, says Santo. 

The first part of the culturing 
process is isolation: separating the 
satellite cells—adult muscle stem 
cells that can divide to create more 
muscle cells—from the rest of the tis¬ 
sue. To coax these cells out, Bignone 
places the biopsied tissue in a con¬ 
tainer with a proprietary mix of salt, 
sugar, and proteins. The container 
is put into an incubator the size of a 
mini-fridge that mimics the tem¬ 
perature and movements of a growing 
animal’s body. 

The next step in the process is 
growth. Santo says the scientists feed 
the cells much like a farmer would 
feed an animal. But instead of dump- 
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ing grass or grain into a food trough, 
labs techs bathe the cells in a liquid 
solution that contains proteins, sug¬ 
ars, vitamins, “a cocktail of different 
nutrients that are also available in the 
animal’s body,” says Santo. 

Cultured meat researchers ini¬ 
tially fed all cells fetal bovine serum, 
a thick, nutrient-packed fluid made 
from tissue extracted from a slaugh¬ 
tered calf. But in addition to being 
expensive, the serum poses an obvi¬ 
ous conflict for an industry that’s 
positioned itself as an alternative to 
conventional animal farming. That’s 
why all of Just’s cultured meats are 
serum-free. 

Santo points to several clear lab 
flasks about the size of a half-gallon 
of milk. Each is partially filled with 


the initial red liquid “food.” As the 
cells grow and proliferate, the team 
changes the recipe of the liquid nutri¬ 
ents to boost growth. These starter 
cells continue to grow in a petri dish 
until they differentiate into a more 
mature, fibrous muscle tissue. 


Scientists can cultivate the differ¬ 
entiated cells into the exact texture 
and structure they want in their meat, 
either using one of the small bioreac¬ 
tors they have in-house or using one of 
the larger ones they have at their off¬ 
site facilities. During this stage they 
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ALSO ON 
THE MENU 
OF THE 
FUTURE 


INSECTS 

Most common types 
for human consump¬ 
tion are the Acheta and 
the banded cricket, says 
Jarrod Goldin, president 
of Canada-based insect 
farm Entomo Farms. 
Packed with a nutty, 
earthy flavor, crickets are 
rich in protein, prebiotic 
fibers, and antioxidants. 

ALGAE 

Triton Algae Innovations’s 
proprietary strain of algae 
boasts flavor-mimicking 
properties—think savory 
flavors of meaty foods 
and salty notes of umami. 
“It runs about 45 to 50 
percent protein, has a 
complete amino acid 
profile, and is rich in 
vitamin A and iron,” says 
David Schroeder, director 
of corporate and regula¬ 
tory affairs. 

ANIMAL-FREE 
EGG WHITES 

Clara Foods converts 
sugar into proteins, which 
are then encoded with 
3D-printed genes that 
code for the same pro¬ 
teins found in an egg, 
explains CEO Arturo 
Elizondo. One strain pro¬ 
duces a baking albumen; 
another generates a solu¬ 
ble mix for drinks. 

3D FOOD 

PRINTING 

With the aid of a pre¬ 
cision tech system, 
preloaded shape librar¬ 
ies, and customizable 
print nozzles, 3D printer 
Foodini prints with fresh 
ingredients. “[These 
printers] don’t require 
arable land, fixated C0 2 
or regular feed, and 
require far less water,” 
says food designer 
Chloe Rutzerveld. 

—Leah Campano 


can also add more fat or other ingredi¬ 
ents to boost flavor. The duration of the 
process varies, too—up to eight weeks 
or more, depending on the protein. 

Just receives cells from some of 
the most prized animal farms in the 
world, including a Wagyu beef opera¬ 
tion called Toriyama Farms located in 
Gunma, Japan. Tetrick talks about the 
beef in glowing terms: “It has the best 
umami [flavor], the best texture, the 
best color.” The Wagyu is the flashi¬ 
est protein in Just’s wheelhouse, but 
the company’s fastest-growing cells 
come from a chicken, which is why the 
company’s first cultured meat product 
will be chicken nuggets, not a Wagyu 
burger. Santo says the first nugget will 
probably be sold at one or two high- 
end restaurants in Asia, possibly as 
early as this year, as the company has 
been in discussions with government 
regulators in countries there for sev¬ 
eral years. 

Once Just gets better at making 
cultured meat on the cheap, how¬ 
ever, Tetrick says you can expect to 
see more of these once-exclusive pro¬ 
teins. “I think the future of cultured 
meat is premium meat like Wagyu 
and bluefin tuna,” he says, because in 
the world of cultured meat, those few 
initial cells aren’t the main cost, the 
growth factors are. “It’s actually not 
any more expensive to take a cell and 
then scale that cell up from the world’s 
most expensive cow than the world’s 
cheapest,” he explains. 



BEING ABLE TO EAT WAGYU ON A 

ground chuck budget isn’t the only 
upside to cultured meats. Getting 
Americans to eat less conventionally 
farmed meat, especially beef, is also 
an environmental win, says Caroline 
Grunewald, a food and agriculture 
analyst at the Breakthrough Institute. 
Raising beef and other ruminant meats 
like lamb produces much higher green¬ 
house gas emissions than other proteins 
like beans and nuts, and these emis¬ 
sions are major contributors to climate 
change. Researchers compared how 
much GHG emissions conventional beef 
production currently produces with 
how much cultured meat is expected 


to produce at the same scale, and found 
that cultured meat production would 
likely result in lower emissions. 

Cultured meat doesn’t require 
antibiotics beyond the initial tissue 
isolation to keep an animal healthy, 
either, which means it could help 
drastically reduce the spread of anti- 
biotic-resistant bacteria associated 
with conventional chicken and pork 
production. And with no animal waste, 
there’s much less risk of an outbreak 
from pathogens like A. coli (assuming 
the company’s production facilities 
can match the pristine conditions of a 
laboratory). 

It will also likely take less land 
to produce cell-based meat. That’s 
important because certain types of 
land, like forest, serve as “carbon 
sinks,” which means they keep carbon 
trapped in the vegetation and the soil 
rather than releasing it into the atmo¬ 
sphere where it amplifies greenhouse 









heating. When you clear forest to pro¬ 
duce something like beef, or grain 
used to feed beef, you release more 
carbon, explains Tim Searchinger, a 
research scholar at Princeton Univer¬ 
sity and a Senior Fellow at the World 
Resources Institute, an organization 
that researches environmental issues 
like sustainable food production. 

It’s early days for cultured meat, so 
most of the research about an indus¬ 
try that isn’t producing at scale is, 
of course, somewhat speculative. As 
technologies like solar power become 


more efficient, cultured meat propo¬ 
nents say the industry has an even 
greater potential to lower its green¬ 
house gas emissions and be better for 
the planet. 

CHEF JOSH HYMAN WAITS FOR A 

small pot of oil to heat up in the test 
kitchen before dropping in a single fro¬ 
zen cultured chicken nugget. It looks 
like any other nugget purchased in the 
freezer aisle of a grocery store: a clump 
of ground chicken that is breaded, 


flash-fried, and frozen. As we chat, 
Hyman reflects on one of Just’s earli¬ 
est tests. 

The scientists had rushed upstairs 
from the lab with about a teaspoon¬ 
sized clump of cells that looked like 
ground chicken and asked him to cook 
it. When Hyman pan-fried that first bit 
of chicken, it was tasty. Tender. Their 
next step was a comparison test: “We 
made two veggie burgers,” he says. “We 
added cultured chicken to one and we 
left the other one alone.” As the burg¬ 
ers cooked, something happened in the 
room, according to Hyman, who sniffs 
at the air to demonstrate. Colleagues 
rushed over to ask if they were cook¬ 
ing meat, which proved they’d nailed 
the aroma. As the burgers cooked, 

“you could see 

▼ The lab that Maillard 

growing process . „ 

could bring reaction, says 

down the cost of 
exclusive proteins 
like bluefin tuna. to the browning 


Hyman, referring 















chemical reaction that happens to 
meat and other foods. The taste dif¬ 
ference between the two was “night 
and day,” says Hyman. The chicken- 
veggie blended burger was so much 
more juicy and delicious, like a real 
chicken burger. “That was kind of the 
click, when we understood what we 
were working with,” he says. 

“This is close to the final formula¬ 
tion,” Hyman tells me as he lifts the 
crispy nugget up out of the oil with a 
wire skimmer and drops it onto my 
plate to cool. “But...we’re still tweak¬ 
ing here and there.” I slice the nugget 
in two; it’s white on the inside, sort of 
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crumbly, almost like a small, white 
chicken burger. I take a bite: first, crisp 
breading. Then, sinking deeper into it, 
the nugget tastes like a light pillow of 
perfectly seasoned ground chicken, far 
better than a hockey puck-hard fast- 
food nugget. 

Lou Gooperhouse, President and 
GEO of BlueNalu, a cultured fish 
company that reportedly raised $4.5 
million in 2018, isn’t a disruptor like 
Tetrick. He’s a self-described food 
industry guy who came to the cultured 
meat business with decades of food 
processing experience, which means 
he recognizes one of the major hurdles 


faced by lab-grown 
meat: scalability. 
But if the industry 
can solve that prob¬ 
lem, Gooperhouse 
thinks cultured meat is the perfect 
solution for the entirely unpredictable 
world of fish supply. Each season, the 
supply surges or falls at the whim of 
the planet. Something like increas¬ 
ing ocean temperatures or plastics 
in the ocean can do significant dam¬ 
age to a wild fishery, leaving fewer 
fish to sell to restaurants or markets. 
You remove all of that risk by cultur¬ 
ing fish rather than catching it in the 
wild, says Cooperhouse. 

Cultured meat is still pretty expen¬ 
sive—the current cost of a single 
nugget made by Just is about $50— 
because the growth factors scientists 
feed the cells are both difficult and 
expensive to make, says New Harvest’s 
Krueger. Just and BlueNalu are figur¬ 
ing out how to bring these costs down 
while making plans to build their fac¬ 
tories, which Cooperhouse describes as 
something like “a microbrewery meets 
a traditional food processing facility.” 
“The production systems that we use 
at scale look more like fermenters,” 
explains Just’s Santo, “because we 
actually use similar processes to make 
beer, wine, or cheese. The only differ¬ 
ence,” adds Santo, “is that the starting 
material is the animal cells”—and 
instead of fermenting the cells, they’re 
growing them in bioreactors. 

Companies also have to nego¬ 
tiate with government regulators 
to make sure they can actually sell 
their products. Santo says the com¬ 
pany hopes to be able to share some 
news on that front “soon,” but for now 
they’re happy with the FDA and USDA 
announcement of a regulatory frame¬ 
work for cultured meat in March. 

Even if companies can work out 
scale, cost, and regulatory kinks, 
they still have to convince consumers 
that cultured meats are worth eating. 
Alex Trembath, Breakthrough’s Dep¬ 
uty Director, has written about the 
backlash to what he likes to call “fake 
meat.” There’s trepidation—and even 
a bit of revulsion—to meat grown 
in a lab. Trembath gets it: When he 


◄ Companies 
still face the 
challenge 
of scaling 
cultured meat 
production. 


made meatballs out of “meat” from 
Impossible, he was “sort of grossed 
out” by how gooey and strange it felt 
in his hands, even though he’s “per¬ 
fectly fine handling ground-up cow 
carcass.” Trembath says the feeling 
is “very ‘uncanny valley,”’ a theory 
that describes the sense of revulsion 
inspired by robots that look almost 
exactly like humans but, at the same 
time, just a little bit different. 

A person’s comfort level with 
this stuff may depend on how they 
encounter it—a 2019 study found that 
individuals felt more negatively about 
cultured meat and less likely to con¬ 
sume it when framed and depicted in 
images as something high-tech, rather 
than being characterized as “same 
as meat” or for “societal benefits”— 
and what companies end up calling 
it. Cultured meat has already gone by 
a number of different names, includ¬ 
ing clean meat, in vitro meat, lab meat, 
and vat meat, none of which sound 
very appetizing. The industry faces an 
uphill battle at the moment—“No, no, 
don’t call it lab meat,” Cooperhouse pro¬ 
tests—but most consumers don’t know 
what “cultured meat” is, at least notyet. 

Tetrick knows it will probably 
take a long time to escape our aver¬ 
sions. But if Just can bring down the 
price of a cultured Wagyu beef patty, 
he thinks more chefs will be willing 
to serve it on their menus. And if the 
meat is cheap enough and the chef 
tries it, Tetrick starts to like his odds. 
“It’s just better tasting. It’s more 
umami. It’s deeper. It’s richer,” he 
predicts, and then the kicker: “I think 
my customers would like it better.” 

As BlueNalu’s Gooperhouse 
reminds me, much of the food we eat 
has been optimized by scientists, for 
better or for worse, whether it’s grapes 
grown to taste like cotton candy or 
beef from cattle bred to be more doc¬ 
ile for ease of slaughtering. If people 
can accept that and enjoy the pleasur¬ 
able umami of a cultivated Toriyama 
Wagyu burger, Tetrick hopes they’ll 
begin to ask another question: “Why 
do we also have this other thing [this 
conventional meat] on the menu?” 
And at that point, Tetrick will have 
won his bet. D 
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THE FIRST GRIZZLY WAS FOUND LYING IN THE 15TH TEE BOX 

eating a maggot-infested carp like it was corn on the cob. The 
neighboring Marias River had flooded, Scott Lennemann, 
golf course superintendent at Marias Valley Golf & Country 
Club, told me. The retreating water then left behind a lunch 
buffet of dead carp, which the lucky bear feasted on. 

I heard about Lennemann’s golf course guest through the 
small-town grapevine that connects the scattered commu¬ 
nities across the Montana prairie I call home. I knew—or 
thought I did—that the only big animals roaming the wide 
grassy valleys were steers fattening up to make next sum¬ 
mer’s BBQ. Sure, Montana had massive bears (up to 700 
pounds), but in the Rockies. Marias Valley was in Shelby, 
Montana, 90 miles east of Glacier National Park, and fits 
the description of a home where buffalo used to comfort¬ 
ably roam. 

Lennemann seemed justifiably surprised to see a griz¬ 
zly bear in Shelby. But as I looked into why an apex predator 
had moved into farm country, I learned a startling fact: 
They were here first. 


T The giant omnivores—they will eat anything— 
have lived in the nearby Rockies and on the prairies 
far longer than Montana has existed. And their 
absence from the prairie is a manmade aberration 
from human encroachment and lost habitat, says Mike 
Madel. Officially, Madel is a grizzly-bear management biol¬ 
ogist for Montana Fish, Wildlife & Parks. I went to Madel 
for answers because unofficially he’s the closest thing our 
state has to a grizzly whisperer. 

Grizzlies once ranged over nearly half of the United States. 
But by 1975, they’d been reduced to 2 percent of their orig¬ 
inal turf, including a pocket in Montana’s northern Rocky 
Mountains. In response, the U.S. Fish and Wildlife Service 
designated the bears as athreatened species, and in 1983, six 
grizzly recovery ecosystems were designated in Idaho, Mon¬ 
tana, Washington, and Wyoming, providing protection and 
habitat restoration for the bears. The Northern Continen¬ 
tal Divide ecosystem, which covers roughly the upper half 
of Montana’s Rockies, has steadily grown its population to 
more than 1,000 grizzlies. But the bears need space—a male 
grizzly may range over 500 square miles. So as their popu¬ 



lation grows, Madel says, it’s natural that they expand into 
fringe areas, even if the species hasn’t lived there for over a 
century. 

Fortunately for the bears, they don’t mind the changes 
we’ve made. Southwest of Shelby, in the town of Valier, 
bears are swimming in Lake Frances, a popular fishing 
spot stocked with walleye and pike. East of the lake, in 
Loma, they’re talking strolls through yards. And in a few 
towns in between, they’re trashing cornfields and break¬ 
ing into poorly secured chicken coops. 

Madel understands the shock of encountering a grizzly. 
And he's spent more than 30 years helping communities 
along the Rocky Mountain Front live, play, and adapt in 
grizzly habitat with minimal conflict. Getting along peace¬ 
fully is entirely possible, he says, but it's on us. Bears will 
be bears. 

Lennemann and his grounds crew have started work¬ 
ing in pairs, carrying walkie-talkies, and training to use 
bear spray. “We’ve also cleared brush from the cart path,” 
he says. While their golf carts top out at 10 mph, a grizzly 
can hit 35 mph, so he’d rather see a bear long before he can 
hear it crashing through bushes. 

For the most part, the bears haven’t posed a problem, out¬ 
side of occasionally trashing flags and leaving claw marks 
on the fairways. And the golfers aren’t noticeably fazed by 
the possibilities of grizzlies in the area, but they keep their 
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WHAT TO DO 
IF YOO SEE A 
GRIZZLY 















▲ One of Glacier 
National Park’s 
more than 300 
grizzlies. 

► Glacier 
campsites have 
a pole to hang 
attractants. 




eyes open. In 2018 the course had eight confirmed visits by 
grizzlies—its annual record—resulting in a few interrupted 
rounds but no close calls. It’s a workable relationship. 


“Most likely they’re going to 
go the other way,” says Wayne 
Kasworm, grizzly bear biologist 
with the U.S. Fish & Wildlife 
Service. “They don’t want 
anything more to do with us 
than what we want to do with 
them.” But you should have a 
plan for when an encounter is 
unavoidable. 

MAKE YOURSELF KNOWN 

Talk (don’t yell) to alert the bear to 
your presence as you slowly back 
out of the area. If a bear is too 
close or doesn’t leave, do not run— 
that signals that you’re prey. 

CARRY DEAR SPRAY AND 
KNOW HOW TO USE IT 

“Most charges come from 50 feet 
or less. That [takes a bear] 1.6 
seconds,” says Neal Wedum, retired 
Glacier National Park ranger. Be 
prepared to deploy bear spray by 
practicing pulling it from the holster 
and flipping off the safety (in an 
outdoor area) so it becomes an 
instant reaction. Carry the can in 
the same place on your belt or pack 
so you reach for it without thinking. 

SPRAY IF CONTACT IS IMMINENT 

Aim low, and spray even when the 
bear is beyond the can’s range 
(about 30 feet) since they will 
run into the cloud. If that doesn’t 
stop a grizzly, Kasworm says, “play 
dead.” Curl up or lie flat on the 
ground, protecting your neck and 
other vulnerable areas. 


■ I could relate to Lennemann’s surprise at seeing a 
W bear. Though at the time I lived outside West Gla¬ 
cier, smack in the middle of that recovery zone, 
it took a literal wake-up call for me to develop the 
proper neighborly rapport with the grizzlies: The guttural 
growl of R.D., my shepherd-Akita mix, snapped me out of a 
dead sleep. Stepping over him on the landing, I clicked on 
the light and stared through the window onto my porch— 
into the eyes of an adult grizzly licking my barbecue grill 
three feet away. Startled, the bear dashed away as quickly 
as I stepped back, but that rush beat the devil out of any 
cup of coffee. 













In my case, I’d been lax on cleaning or lock¬ 
ing up attractants, any odors that can attract 
a hungry bear. A grizzly’s sense of smell is the 
stuff of legend. They are capable of locating 
a carcass under water, sniffing out crumbs 
dropped from your campsite lunch, and 
chances are, they even know what you had for 
breakfast as you hike down a trail. My biologist 
friend, Kate Kendall, a veteran bear researcher, 
told me that anecdotally, they’ve seen grizzlies 
sniff out a meal a half mile away. 

After my late-night visit, I stopped com¬ 
posting and brought in the bird feeders. When 
I built a barn for my horses, the grain room was 
made to be secure from four-inch claws. If I’ve 
had unwelcome visitors since, R.D. and I must 
have slept through it. 

Despite my changes, bears also don’t forget 
a good meal. In 1988, a massive grain spill just 
outside Glacier National Park brought in bears 
for miles to feed on the rank, fermenting grain. 

Even after a cleanup, officials, wanting to be 
good neighbors (and avoid conflict), closed a 
nearby campground and prohibited stopping on 
a passing highway for years. Bears remember a 
food source and can return as long as they live. 

But even after my grill-licking visitor, I was 
still foolish enough to not alter my daily habits. 

That is, until one day, when I returned home 
from a run on the trails behind my house and 
found Tim Manley, another Montana FWP bear special¬ 
ist, in my driveway with his radio telemetry gear. He was 
locating a female with cubs near the woods where I just ran. 

The realization was so obvious it hurt: While I’d adapted 
my home for the furry neighbors, I hadn’t adapted myself. 
I didn’t have to stop running or hiking, but I needed to 
look at the terrain differently, even on the prairie. This 
means avoiding dense, heavy cover areas, advice Madel 
echoed when we spoke. “Grizzly bears will develop these 
day beds and use them day after day. They’re resting in 
that heavy cover.” 

I now make a point to give thick areas a wide berth, 
and keep my dogs close. I also make noise, whether it’s 
talking, singing, or calling an occasional “Hey, bear!” if I 
travel through areas where I can’t see what might be bed¬ 
ded down and recovering from an afternoon berry binge. 

The same caution applies to recreating on the water. In 
Montana, an ideal Sunday stroll is along a riverbank with a 
fly rod in hand. Bears, however, feel roughly the same and 
tend to travel along river corridors and enjoy the cover of 
the heavy brush surrounding them. 

Now as my family is planning a two-day float along the 
Marias River, the same one that flows through Shelby, we’re 
adopting backcountry bear precautions. We’ll hang our food 
at least 10 feet high and four feet away from the tree, and I 
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Glacier's 
Hidden Lake 
trails is 
frequented 
by grizzlies. 


purchased a bear canister just in case the branches are too 
high for me to toss the rope over a limb to hang my pack. 


T To be fair to the bears, it’s not all fish carcasses and 
claw marks when they move back. Gardeners might 
appreciate that the bears are doing their part to con¬ 
trol ground squirrel populations—if you plant it, 
those little marmot buggers will try to eat it. Of course, the 
bears aren’t exactly precision excavators. 

But grizzlies returning to their original ecosystem res¬ 
onates on a primal level. Even after spending hundreds, if 
not thousands, of hours observing them over the years, I 
never tire of watching an animal that can overturn 300- 
pound boulders like pebbles and use its claws to deftly 
pull down chokecherry branches to reach the clusters of 
berries. And seeing the cubs sliding down snowbanks, or 
rambunctious sub-adult hooligans wrestling, is unmatched 
entertainment. It’s also good to be reminded that we are not 
always the top of the food chain. 

Yet somehow, these apex predators’ survival rests 
squarely on our shoulders. Although grizzlies moving far¬ 
ther onto the prairie requires a new awareness, it’s worth it. 
Like Lennemann’s golfers, I am happy to adjust my behav¬ 
ior. After all, the bears were here first. 
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Heard ear GO™Rechargeable 
Digital Hearing Aid 

" A. 


Technology Only $ 199 ! 


(*Each when you buy a pair) 


njoy this fantastic, limited-time sale price on 

our newest member of our affordable rechargeable 
hearing aids family! 

5 Star Reviews! 


Couldn't Be Happier! 

"So happy with this purchase. 

Can finally hear conversations again. 
Thanks guys for making an affordable 
hearing aid possible. 

- Nancy V. 


GO Features! 


Digital sound processing chip 
provides crystal clear sound and 
makes speech easier to understand 

with less feedback than old analog 
technology 

Don't worry about replacing 
batteries! Full Charge Gives 16 
Hours of Use! (Free Charging 
Station Included) 


( A} Microphone 

B) Program Button 

C) Volume Control 
0) Magnetic Charging 

Port & Rechargeable 
Battery 

E) Digital Processor 

F) Receiver (Speaker) 

G) Sound Tube 


Easy. 

Affordable. 

Rechargeable Digital Hearing Aid - For Only $199! 

We re excited to introduce you to the most affordable member 
of our rechargeable hearing aid family: the HearClear GO! Our 
new HearClear GO Rechargeable Digital Hearing Aids feature 
advanced digital technology at an unbelievably affordable price! 
The GO utilizes the key technologies of 
high-end digital hearing aids while leaving 
out fancy bells and whistles that increase cost 
and require expensive adjustments. With the 
GO, you’ll hear more clearly while saving a 
lot of money! 

Your lightweight and discreet GO hearing 
aids work at a fraction of the cost of name- 


FREE 

Charging 

Station! 


Automatic Noise Reduction and 
Feedback Canceler 

100% Money Back Guarantee 


Telecare Convenience! 


A 






No costly professional 
appointments needed! 

With our free telecare, 
you can call our friendly 
and caring staff from the comfort and 
safety of your home to discuss your 
hearing care. You'll enjoy ongoing 
assistance to help you achieve the 
best hearing experience with your 
hearing aids! 


HearClear hearing aids have 
been clinically proven to show 

significant improvement in 
speech understanding. 

(University of Memphis, 2018) 


brand hearing aids, and they’re amazingly 

convenient! With the GO’s included charging station, you won’t 
have to keep buying and replacing tiny hearing aid batteries, and 
the GO is pre-programmed for most mild to moderate hearing 
losses—no costly professional adjustments needed. They’re 
shipped directly to you and help you hear better right out of 
the box. Simply take them out, put them in, and GO! 

You can spend thousands on an expensive hearing aid or you 
can spend just $239 for a hearing aid that’s great for most mild 
to moderate hearing losses (only $199 each when you buy a 
pair - hear up to 3 times better than wearing just one). We’re so 
sure you’ll love your hearing aids we offer a 100% Money Back 
Guarantee - Risk Free if you are not satisfied for any reason. 
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•FREE* 

Trial 


FDA 

REGISTERED 



US Company 
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Operated 
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Visit and Save: www.AdvancedHearing.com/PMZ7 
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Outdoor 

Awards 



For gearheads, half the fun of any adventure, whether it be a day on the water or a night 
spent sleeping under the stars, is turning to our closets and loading up our car (or pack, 
or bike, or boat). Although we regularly geek out about innovative materials and product 
design, it’s not solely about the tech. The excitement also lies in what’s ahead: making 
good, capable use of that gear to ensure we’re better able to enjoy the activities we love 
(when shelter-in-place orders aren’t in effect, of course). So during hundreds of hours of 
rigorous evaluation, we’ve camped through freezing temperatures and stormy nights, 
let headlamps run until they went dark to assess battery life, hiked more than double the length of Califor¬ 
nia’s John Muir Trail, measured how much boots’ waterproofing leaked after holding them under water, 
and took temperature readings to gauge the insulation of coolers. It’s all for the sake of finding the best 
shoes, sleeping bags, knives, packs, and other gear—assembled on these pages—for your next adventure. 
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Gregory Maven 65 $250 

When it comes to fit, the 
Maven 65 and its men’s 
equivalent, the Paragon 
68, glommed onto our back 
immediately and stayed 
put. Gregory accomplishes 
this with its new FreeFloat 
Hybrid suspension system, 
which includes two mesh 
panels attached to the hip 
belt that allowed the pack 
to move with us exception¬ 
ally well, especially as we 
were hiking quickly. The 
back ventilation could be 
better, but we’ll take a com¬ 
fortable sweaty pack over 
an unwieldy one any day. 




Farm to Feet 
Cascade Locks $23 

We’ve tested more than 
20 hiking socks in the 
past year and have yet 
to find one to dethrone 
the Cascade Locks. The 
three-quarter crew fits 
snugly, thanks to slight 
compression and the plait¬ 
ing—the sock’s soft merino 
wool sandwiches stretchy 
nylon yarns that grip and 
flex with your foot. Tar¬ 
geted padding on the top of 
the foot and under the heel 
adds a nice cushion. 




Sturdy boots, comfortable 


packs, and one classy mu 


1. BEST BRCKPRCKING POCK 


2. BEST HIKING SOCK 
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3. BEST HIGH-TOP 



HIKING BOOT 


La Sportiva Nucleo 
High GTX $199 

The Nucleo High was 
ready for every obstacle 
we encountered: mossy 
rocks, loose gravel, and 
snow. Its Gore-Tex Sur¬ 
round waterproof lining 
kept us dry, the large rub¬ 
ber toe cap prevented 
stubbed digits, and grooves 
on the Vibram Nano sole 
improved traction. All that 
in a svelte, supportive boot 
that excels on backpacking 
missions and short hikes. 


4. BEST VALUE HIKING BOOT 


Timberland 
Mt. Maddsen Mid 
Waterproof $115 

Comfortable from the first 
step, the Mt. Maddsen 
gives you day-hiking chops 
at a price well below what 
you would spend on many 
high-end boots. Hefty lugs 
and aTPU shank offered 
good grip and support 
on wet, rocky, and steep 
passes. We can overlook 
the weight (1 pound, 3.2 
ounces, men’s 12) given 
how well the EVA midsole 
cushioned our footfalls. 


5. BEST miD-CUT HIKING BOOT 


Danner Trail 2650 
GTX Mid $180 

When the going gets 
muddy, reach for the Trail 
2650. The waterproof 
Gore-Tex membrane is 
complemented by perfo¬ 
rations in the suede upper 
that made the boot more 
breathable than similar 
models. With Vibram’s 
460 sole, we didn’t worry 
about slipping. Plus, a rub¬ 
ber bulge on the back—part 
of Danner’s EXO Heel Sys¬ 
tem—locked our foot in for 
blister-free hiking. 
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COURTESY HEATHER ANDERSON; COURTESY PURIST; COURTESY DEUTER 



6. BEST JACKET 


■ 

7. BEST DAY PACK 




8. BEST THERmOS 


Arc’teryx Atom 

LT $259 

With excellent tempera¬ 
ture regulation and a 
lightweight design, this 
14.6-ounce, slim-fitting 
jacket quickly proved its 
value during cold-weather 
expeditions and casual 
use. The 60-gram Core¬ 
loft synthetic insulation 
will keep you as warm 
in 30-degree weather as 
heavier coats, while the 
fleece-lined uninsulated 
side panels dump heat 
when temperatures creep 
up, or if you start to work 
up a sweat. 


Deiiter Speed Lite 

24L $105 

What we prize most in 
a day pack is comfort. 
Deuter delivered that by 
injecting plenty of sup¬ 
port and cushion into the 
1-pound, 11-ounce Speed 
Lite. The padded hip 
belt and U-shaped frame 
within the back panel kept 
most of the weight off our 
shoulders and on our hips 
to let our legs do the heavy 
lifting. Cushioning on the 
shoulder straps and a ven¬ 
tilated foam back panel 
kept the fully loaded pack 
from digging in. 



Purist Mover 

$50 with Union lid 

This 18-ounce bottle 
is handsome, simple to 
fill, and easy to drink 
from, especially when 
you upgrade to the Union 
straw lid. (And we highly 
recommend you do.) The 
Mover’s interior is glass- 
lined, so we didn’t get any 
metallic taste after fill¬ 
ing and drinking from it a 
few times. Although other 
thermoses we’ve tested 
boast better thermal per¬ 
formance, this one kept 
water cool enough for our 
daily needs. 


Go It Alone 

Heather Anderson, who goes by the trail name Anish, set 
self-supported fastest known times on the Pacific Crest 
Trail in 2013 and Appalachian Trail in 2015. She shares 
what she loves about [and tips for] being alone outdoors. 

Solo adventure in nature shows you a quieter space to dwell. Mindless entertainment 
is gone; it’s just you. The initial shock of stepping into this private world can send 
people right back to their cars because they only have themselves for company. 

These trips don’t have to be epic. In fact, the less epic they are, the more likely 
you’ll enjoy them. Start close to home. As you build your skill set and comfort level, 
you can branch out. Carry the essentials, and share detailed plans with someone, 
includingyour itinerary, trailhead location, campsites, and phone numbers of the 
appropriate land management agencies in case you don’t arrive on schedule. 
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CYCLING 

A kit for urban streets and gravel trails, 
including a fast bike and high-vis smart lights. 



9. BEST COmmUTER BIKE 


Marin Presidio 1 saso 

We loved zipping 
down streets on this 
thoughtfully equipped, 
aluminum-frame rig. 

The internal-gear hub 
and three-speed drive- 
train deliver fast and 
smooth shifting, while 
the hydraulic disc brakes 
offer dependable and 
impressive stopping 
power. Put the fender and 
rack mounts to use when 
you have a big haul, or 
swap out the puncture - 
resistant 700x32 tires for 
something a little fatter 
if you want to go explore 
gravel trails. 


10. BEST BIKE LOCK 


Altor Apex Ti $189 

Clocking in at just over 
1.5 pounds, the Apex 
Ti delivers an excellent 
weight-to-protection ratio. 
Altor built the body from a 
titanium aerospace alloy, 
with hardened steel rivet 
caps connecting the fold¬ 
ing joints. The lock is long 
enough to secure your 
ride’s front wheel and 
frame and comes with a 
bike mount. a •- - 



11. BEST COmmUTER POCK 


Osprey Metron 
Commuter $160 

Even fully loaded, 
the 26-liter Metron is 
comfortable to carry, 
thanks to its ventilated 
back panel, padded 
shoulder straps, and 
sternum and waist 
belts. We appreciated 
the dedicated shoe 
pocket and the fob on 
the front that we used to 
conveniently secure our 
helmet when we weren’t 
riding. Should the skies 
open up, the rain cover 
(which stows in a bottom 
pocket) is there to keep 
your laptop and gear dry. 
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Blackburn Fluid $275 


The best-performing low- 
cost trainer we tested, 
Blackburn’s Fluid accom¬ 
modates wheels from 
26x1 inches up to 29x2.3 
(including all standard 
road sizes) without the 
need to adjust the roller 
tension. Just clamp your 
bike in with the flip of a 
quick-release lever and 
pedal faster for greater 
resistance. Plus, the light¬ 
weight frame folds up for 
compact storage. 



13. BEST BIKE LIGHTS 


See.Sense ACE Front 
and Rear Set $98 

The AGE 250-lumen 
front and 125-lumen rear 
lights aren’t your average 
smart lights. On-board 
sensors take 800 readings 
per second. When they 
detect something like an 
approaching car, the lights 
flash brighter and more 
frequently. See. Sense’s app 
gave us the ability to select 
additional flash patterns 
and check the lights’ bat¬ 
tery levels from our phone. 
The app also sends theft 
and crash alerts. 



14. BEST FfimiLY TENT 


REI Co-op Kingdom 4 

$429 

The Kingdom is one of the 
most spacious four-person 
tents you can find. Tall 
doors and vertical walls 
allow you to stand inside 
without crouching (in fact, 
reaching the ceiling in 
places proved to be chal¬ 
lenging for our 5-foot-4 
tester). And the nearly 70 
square feet of floor space 
means you can spread out 


when you sleep or legiti¬ 
mately fit a party of four 
within the Kingdom. It’s 
an 18-plus-pound beast, 
but gear storage abounds 
with 20 mesh pockets. 
And we can attest to the 
exceptional weather pro¬ 
tection—the tent was still 
standing after a night of 
severe thunderstorms and 
high winds, during which 
only a nominal amount of 
water got in through the 
full-coverage rain fly. 
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CAMPING 



15. BEST COmP STOUE 


Eureka Ignite Plus $145 

Make a veritable camp¬ 
ground feast with the 
Ignite Plus. The massive 
surface accommodates 
two 12-inch pans and sits 
flat, thanks to legs that 


screw in and out individ¬ 
ually. Firing up with the 
press of a button, the pro¬ 
pane stove is slower than 
some at boiling water but 
excels at low temps, nicely 
sauteing mushrooms in 
our comparison test. 


16. BEST CPmP CHOIR 


GCI Kickback Rocker $50 

GGI has staked its claim 
as the king of camp com¬ 
fort with its Rocker line of 
chairs. And the Kickback 
is the current standout, 
striking a good height bal¬ 
ance for tall and short 
people. Pistons on the 
back legs provide an easy 
rocking motion but pre¬ 
vent the chair from folding 
down very small. That 
shouldn’t be a problem, 
though, when you’re tak¬ 
ing it out for car camping, 
cheering from the side¬ 
line of your kids’ game, or 
lounging in the backyard. 


17. BEST SOFT COOLER 


Yeti Hopper M30 $300 

The cavernous Hopper 
M30 (it fit 12 cans and 11 



pounds of ice with room to 
spare) is worth the signifi¬ 
cant cost if keeping things 
as cold as possible is your 
top priority. The magnet- 
and-buckle closure system 
and closed-cell foam insu¬ 
lation sealed in the chill. 
Afetr spending eight hours 
in the ice-filled soft cooler, 
cans emerged an average 
of 3.5 degrees colder than 
those from a competing 
model of the same size. 


























20. BEST SELF-INFLATING 


SLEEPING PAD 


21. BEST THREE-SEASON 


SLEEPING BAG 


Therm-a-Rest Luxury- 

Map $125 

Using pressure-mapping 
tech, Therm-a-Rest 
customized the layer of 
3-inch-thick polyurethane 
foam, which is what makes 
the LuxuryMap as com¬ 
fortable as it is. Since there 
isn’t as much foam around 
the areas that support the 
head, shoulder blades, 
waist, calves, and heels, 
these bony and curvy parts 
of the body can sink deeper 
into the self-inflating pad. 
And for 2020, the company 
added its new TwinLock 
valve system, a set of one¬ 
way openings that made 
inflation and deflation 
even easier. 


The North Face 
The One Bag $289 

With two removable blan¬ 
kets, The One Bag delivers 
precise temperature regu¬ 
lation throughout the year. 
Zip just the lightweight 
synthetic outer layer to the 
base in summer, the 800- 
fill down midlayer (which 
doubles as a camp blanket) 
by itself in cooler temps, 
or both if you’re brav¬ 
ing alpine environments 
or winter weather. Zip¬ 
ping the layers to the base 
wasn’t always smooth, and 
the midlayer’s zipper had 
a tendency to snag on the 
draft tube. But a bag this 
versatile deserves a place 
in your camping quiver. 


18. BEST AIR SLEEPING PAD 


Big Agnes Q-Core SLX 

$150 

The Q-Core SLX lifted 
our tester a massive 4.3 
inches off the ground— 
practically unheard of 
for an air pad. And the 
I-beam baffle construc¬ 
tion provided stability 
and support that left him 
feeling well rested in 
the morning. Given that 
ample thickness, this pad 
is great for car camping, 
but it’s still light and com¬ 
pact enough to take with 
you into the backcountry. 
Our 20-by-72-inch sam¬ 
ple weighed less than 1.5 
pounds. The synthetic 
Primaloft Silver within 
lends the Q-Gore SLX 
very respectable insula¬ 
tion from the cold ground. 


19. BEST^ALUE 
SLEEPIN^A^ 


Marmot Trestles Elite 
Eco 30 $148 

Marmot avoids the major 
issue of most synthetic 
bags—bulk—in the Tres¬ 
tles Elite Eco series by 
blending three weights of 
recycled polyester fibers 
to create a compressible- 
yet-warm insulation. The 
Trestles packs as small as 
some down bags and won’t 
falter when it gets wet like 
those might, which makes 
it a fine choice for back¬ 
packing. It can be a bit 
constrictive, but undo¬ 
ing the secondary zipper 
on the right side frees up 
some room at the chest on 
milder nights. 
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Capable knives, versatile 
illumination, and a sweet fire pit. 
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22. BEST POCKET KNIFE 


23. BEST SURUIUQL KNIFE 


Benchmade 533 Mini 
Bugout $140 

For a featherlight EDG 
that doesn’t slouch on per¬ 
formance, pick the Mini 
Bugout. The 2.8-inch 
drop-point blade quickly 
and cleanly cut through 
food, cardboard, and thick 
rope in our testing, and 
the handle felt comfort¬ 
able and secure even when 
we laid into it. Given the 
knife’s 1.5-ounce build, we 
frequently forgot we had it 
in a pocket or holstered on 
our belt, making it a con¬ 
venient option to carry 
everywhere. 


Helle Temagami $189 

There’s no hiding the 
Temagami on your waist¬ 
band. Good thing, then, 
that you won’t want to— 
this knife is an absolute 
beaut, with performance 
chops to match. The 4.3- 
inch stainless-steel blade 
delivered quick, smooth 
cuts throughout our test¬ 
ing, and the handcrafted 
curly-birch handle felt 
comfortable in a variety 
of different positions. The 
three-quarter tang makes 
the 9.1-inch knife almost 
two ounces lighter than 
similar blades. 


24. BEST HEQDLQfYIP 


Black Diamond Icon $ioo 

Running on four AAs, the 
Icon is heavier than most 
competitors. But its long 
battery life and versatil¬ 


ity proved indispensable. 
Turn the waterproof head¬ 
lamp to its maximum 
500-lumen output and eas 
ily cycle through the white 
red, blue, and green colors 
which make the Icon ideal 
for hunting, searching for 
roasting sticks after dark, 
or just reading before bed 
without disturbing any of 
yourtentmates. 



25. BEST cnmp LIGHT 


BioLite BaseLantern 

XL $130 

At 500 lumens, the Base- 
Lantern XL is one of the 
most powerful camp 
lights we’ve tested—in a 
compact, sub-1.5-pound 
package, no less. Its func 
tionality, though, puts it 
over the top. The Base- 
Lantern doubles as a 
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GETTY IMAGES (FIRE) 


power bank with two USB 
ports and connects to Bio- 
Lite’s app, where you can 
change the brightness 
and color, transform it 
into an alarm, and even 
program it to turn on or 
off when you leave your 
campsite. 


26. BEST FIRE PIT 


BioLite FirePit $250 

We haven’t tested a more 
feature-rich portable 
fire pit than BioLite’s. Its 
removable battery pack 
powers a three-speed fan, 
which pumps air through 
51 jets, helping quicken 
the burn and cut down 
on smoke. Plus, its USB 
output lets you charge 
devices—during our test¬ 
ing, it provided a full dose 
of juice to our dying infra¬ 
red camera in a little over 
an hour. After the flames 
wind down, the inner 
grate and ash drain help 
with cleanup. 




The Hidde n Math of Fire-Buildin g 

Ask outdoorsmen and -women whether it s better to build 
a log cabin or teepee when starting a fire, and you're 
sure to get a range of vehement responses. But the 
secret to a roaring blaze isn't structure, it's numbers. 


“Surface area is the key to a hotter 
fire,” says Daniel Leavell, an assistant 
professor in Oregon State University’s 
Department of Forest Engineering, 
Resources and Management. He explains 
it this way: If you had to choose between 
an 8-by-12-inch log and 32 quarter-inch 
sticks with an equivalent volume and 
moisture content, you will have a much 
easier time igniting the bundle of sticks. 
That’s because the bundle’s surface area 
is nearly 4.5 times greater than the sin¬ 
gle log’s. That means you can spread out 


the sticks to create the necessary influx 
of oxygen to start and feed the fire. 

Once your fire is built, surface area 
remains just as important of a fac¬ 
tor. Many people make the mistake of 
only adding large logs once their fire is 
going strong. This results in a fire with 
less surface area to catch on, which 
burns cooler, and cooler fires are less 
efficient. The fuel they don’t consume 
becomes smoke. Save your eyes from 
the harsh sting by feeding your fire 
with various sizes of logs. 
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// BY BRAD FORD // 


The Best 
Smart Locks 
for Your 
Home or 
Rental 
Property 


MART LOCKS-OR SMART DEAD BOLTS, 

more accurately—allow you to lock and 
unlock doors remotely, check their status 
and history, and provide access to visitors 
when you aren’t home. They employ Blue¬ 
tooth, WiFi, or Z-Wave radio signals to 
communicate with apps on smartphones, 
WiFi bridges, or smart home hubs, and may also be 
integrated with security systems. If you want the 
convenience of smart locks but don’t know where 
to start, we’ll cover the basics to ensure you get one 
that’s compatible with your home and helpful for 
your household. 



■ HOWTO INSTALL 

Smart locks generally come in two configurations 
for dead bolts. The first is the full dead-bolt lock- 
set—including the dead bolt, the exterior keyed 
lock and/or keypad, and the interior thumb lever 
and plate. These will completely replace your 
existing dead bolt or can be added above a door¬ 
knob or handle. The latter configuration replaces 
only the interior thumb lever and plate, utilizing 



the existing dead bolt and exterior keyed lock. If 
you have a matching doorknob and dead bolt, or 
have all your locks keyed alike, then this option 
will let you keep your current setup. There are also 
full mortise-handle sets that include the handle 
and associated latch bolt, as well as the “smart” 
dead-bolt, all-in-one unit, but we focused only on 
the dead-bolt options. 

If you’re replacing an existing dead bolt or 
installing one in a predrilled door, the job is fairly 
easy and can be done with just one screwdriver in 
about 15 minutes. But if you’re installing a dead bolt 
in a door that hasn’t already had one, it’ll take a bit 
more time and a door-hardware-installation jig to 
get it right. The kit will help get the holes positioned 
accurately and make the job go quicker. 


HOW WE 
TESTEDTHESE 
SMART LOCKS 


The locks on this list have been thoroughly vetted, evaluated, and tested by our editors. First, we installed 
each of them in a metal exterior door to assess fit and ease of installation. We then paired them with our 
smartphones, ran through the setup processes, and tested Bluetooth functionality. To connect the smart 
locks to a consumer-grade wireless network, we installed them all in a single test stand, took them off-site, 
and set up a live-stream video camera to monitor functionality. We then locked and unlocked them remotely 
using our smartphone, while reviewing the video stream, and confirmed lock status via the manufacturer’s 
app. We were careful to test all of the smart locks’ features, taking aesthetics into account. 
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4 5CHLAGEENCODE SMART 
WIFI DEADBOLT $250 


SchIage J s Encode Smart Dead¬ 
bolt offers si milar features to other 
locks, but differs in its Grade 1 rat¬ 
ing from the American National 
Standards Institute, the organiza¬ 
tion’s highest for locks. Heavy metal 
housings enclose both the interior 
and exterior mechanisms Installa¬ 
tion requires only one screwdriver 
and 15 minutes. The Sc hi age Home 
app makes startup, management, 
and “smart” functionality a breeze. 
Sohlage s Encode is ideal for people 
looking for robust physical security 
with the convenience of advanced 
sma rt-1 o ck feat u re s. 



AUGUST SMART LOCK PRO + CONNECT $280 


August’s Smart Lock Pro is a one-size-fits-all solution, allowing you to 
keep your existing dead bolt and keys. Installation and pairing it with 
your phone using August’s free app was quick, painless, and intui¬ 
tive. The model we tested also came with a Door Sense sensor, which 
allows you to check if the door is open or closed, and a Connect WiFi 
bridge to access lock function remotely. Without the WiFi bridge, the 
lock will function via Bluetooth only—which is still handy, since it can 
be set to automatically unlock when it recognizes when you get home. 



KWIKSET HALO SMART LOCK $229 


The Halo is a sturdy, complete dead bolt from Kwik- 
set, a company that revolutionized residential locks 
with its tubular lock design more than 70 years ago. 
The lock’s proprietary “SmartKey” technology allows 
users to re-key their locks with new physical keys in 
seconds, enabling them to manage the security of 
their physical keys in a quick, efficient manner. 



NEST X YALE SMART 
LOCK $279 


Yale built its reputation by 
making some of the strongest 
locks available for 180 years. 
Teaming up with Google’s Nest 
brings it to the forefront of 
modern smart-lock technol¬ 
ogy by seamlessly integrating 
a high-quality dead bolt with a 
developed home automation 
platform that can connect with 
dozens of other Nest devices. 
The solid heft of this smart 
lock indicates the strength we 
expect from Yale. Since it has 
no key, the lock is pick-proof— 
you can unlock it only with the 
keypad or Nest app. 



IGLOOHOME SMART DEADBOLT 2S $170 


The Smart Deadbolt 2S may come from a lesser-known brand, but it’s not a cheap imi¬ 
tation. Igloohome has made a nicely designed, well-built smart lock with some unique 
features. Its sleek touch pad with a hidden keyhole feels modern, and the five included 
keys have an unusual four-sided design. This lock isn’t WiFi-enabled, so the app can’t mon¬ 
itor or open it remotely—this can be done only within Bluetooth range. However, it will 
create access codes, from anywhere, that you can send to guests via text, email, or mes¬ 
saging apps, or even integrate with an Airbnb account. 
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Editors' 

Choice 

// AWARD-WINNING.JOOLS AND GEAR RIGOROUSLY VETTED BY OUR TEST TEAM 


Nintendo Switch 
Lite Game Console 


Samsung Galaxy Note 10+ Phone 


With its five cameras, the 6.8-inch Note 10+ deliv 

r i -rW- -JFV’ j-J - u 3> V ! AjU . 

ered professional-quality pics whether we took 
advantage of the Pro setting—which let us man- 


The Switch is one of the most 
fun, well-designed devices 
of the last decade, offer¬ 
ing incredible versatility as a 
single- or multiplayer Game 
Boy or a dockable TV console. 
With the newer, cheaper Lite, 
we still played our favorite 
games but in a smaller, hand¬ 
held-only package that’s great 
when someone’s hogging the 
big screen. It hasn’t left our 
side in months. Consider us 
converts. $200 


advantage of the Pro setting—which let 
ually tweak the ISO and Shutter speed—or one of 
the 10 other more guided shooting modes. The 
user-friendliness extended to Samsung’s Scene 
Optimizer, which automatically smoothed out 
details in our photos. We captured clear portraits 
and selfies, low-light images, and action shots anc 


were able to edit in blur and other ef 


Sony WH-1000XM3 
Wireless Noise-Canceling 
Headphones 


These comfy cans produced 
clear highs and dejep, shud¬ 
dering lows, with unmatched 
distinction between tones as 
we listened to songs, po,dcast; 
and movies. Ambient mode 
was excellent at letting in out¬ 
side sound when we needed it 
and the noise-canceling tuned 
out most everything when we 

■ f r ' — — “T ., 

didn’t. For sheer audio chops, 
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this pair can’t be beat. $350 
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When your list of yard work seems never ending, you need the right tool to get the job done. That’s where we come 
in. The Cyclone collection of products is here to help you get your work done easier, faster, and for years to come. 

Get Your FREE INFO KIT to learn more! 

Call: 1-800-549-9811 or Visit: CycloneRake.com 


©2020 Woodland Power Products, Inc. • 72 Acton Street • West Haven, CT 06516 



PROMOTION 




Ret^ive the 

Navigator" Gold Sunglasses 
(a $5^95 value) free: just for 
trying the Navigator™ Black 


SOMETIMES IT DOES TAKE A ROCKET SCIENTIST 

The only sunglass technology certified by the Space Foundation 
for UV and blue-light eye protection. 

Eagle Eyes® Navigator™ Black Sunglasses $49 + S&P 
PLUS receive the Navigator™ Gold absolutely FREE!—2 pairs 

for the price of one! 

1-800-333-2045 | Offer Code: EEN895-06 | www.stauer.com 



ZOYSIA FARMS SPECIAL GRASS PACK 

Save 50% plus get FREE SHIPPING. Just plant in your existing lawn. This 
special package is ideal for planting areas up to 600 square feet. 150 ready 
to plant 3x3 inch Super Plug are just $125 including the free shipping. 

Exclusive Popular Mwechanics limited July/Aug offer with code: M497 
www.BestZoysia.com 


















This Changed 
12 Everything 

// BY JOHN BRANDON // 



The Original 
Handheld GPS 
Brought Us 
Everything From 
Safer Flights 
to Faster Door- 
Dash Deliveries 


HANKS TO GPS-ENABLED PHONES AND 

watches, we take for granted that we can 
easily navigate into (and out of) any place 
or situation. But it wasn’t until a foggy 
day in 1985 when an investor and elec¬ 
trical engineer named Ed Tuck piloted 
a twin-engine Beechcraft Baron across 
Northern California that the widespread potential 


of an emerging tech began to become clear: What if 
someone could harness the power of military global 
positioning satellites (GPS) to enable everyone to 
navigate the skies, waterways, and roads without 
aerial maps or radar signals, Tuck wondered. 

Same now as when they were first launched in 
1978, the GPS satellites flying 25,000 miles above 
the earth send a signal at light speed, and a receiver 
on the ground reports your relative position. In 
1985, the U.S. had launched six satellites, which 
it used primarily to guide missiles. At that time, a 
few commercial navigation systems used them, but 
the receivers were the size of pizza ovens and cost at 
least $10,000. Tuck wanted something more por¬ 
table-lighter, that ran off batteries, and crucially, 
affordable. His dream product cost only $300. 

To fulfill that vision, Tuck and the engineers he 
recruited to form Magellan GPS would have to ► 
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Everything 
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5 HANDHELD EPS DEVICES 
THAT DO WHAT YOUR PHONE CAN'T 


► create, invent, or re-imagine nearly every com¬ 
ponent to develop what would become the world’s 
first handheld GPS device. At the time, there 
weren’t even any long-lasting lithium batteries 
to power these devices. Even the large commer¬ 
cial GPS units had to be wired to an AG power 
source. And there were no efficient LCD screens, 
either. So the device Tuck envisioned would 
need powerful processing chips that were also 
power-efficient. 

The vital parts were too expensive to make the 
final product affordable, so Magellan developed 
their own, starting with the antenna. They found 
a company that could build one for $75, hundreds 
less than what was available at the time. Next, 
they began working with a high-performance chip 
maker using a new technology called monolithic 
microwave integrated circuit (MMIG). The chips 
could run for hours without overheating and in a 
wide-enough radio spectrum to capture satellite 
signals. With those parts, Tuck and his team now 
had their blueprint for a handheld receiver. By 
1989, three years after the company’s founding, 
Magellan launched its first device: the NAV1000. 

By the standards of today, it was giant—about 
the size of large walkie-talkie. But back then, it 
was magical. The 1.5-pound device was accurate to 
within 328 feet—enough to be useful. The first units 
were marketed to boaters, who usually worked from 
simple maps. Incredibly, Tuck and the engineers 
had been so successful at reducing power draw that 
the whole thing ran off of six AA batteries, which 
kept it going up to “a few hours.” 

At $3,000, the device cost 10 times as much as 
Tuck had hoped. Still, Magellan managed to sell 
about 500 units the first year. That relative suc¬ 
cess led to a boom in handheld GPS, creating an 
entire industry around the technology. Garmin 
launched shortly after. And by 1995, the United 
States had a fleet of 24 satellites sending signals 
down to countless handheld devices. With each 
new satellite, GPS devices became more reliable 
and accurate. When Garmin released its eTrex 
receiver in 2000, it was accurate to 50 to 65 feet. 
Now, just over 30 years since the NAV 1000 went 
on sale, devices can pinpoint your position within 
inches. 

You might call it wish fulfillment for Tuck, 
who died in 2017. His vision was for a device that 
allowed anyone to find their location on the planet 
quickly and easily. The tech his company pioneered 


HIKING AND HUNTING 
GARMIN ETREX 
TOUCH 35 $300 

Good for geocaching, 
trekking, or hunting, the 
Bluetooth-capable Touch 
35 features a 2.6-inch color 
touch screen, compass, altim¬ 
eter, and 32GB memory card 
for storing maps offline. 

BOATING AND FISHING 
HUMMINBIRD 
HELIX 7 CHIRP MEGA SI 
GPS G3 $700 

Land your catch and return 
to shore with this device, 
which has a 7-inch screen, 
over 10,000 lake and coastal 
maps, and lets you see 125 
feet below or to the sides of 
your boat. 

OFF-ROADING 
MAGELLAN TRX7 >500 

The TRX7 is shock-resistant 
and comes loaded with more 
than 160,000 high-resolution 
off-roading topo and base 
maps. Audible directions, 
real-time tracking, and off- 
course notifications help you 
find your way back to paved 
roads at the end of the day. 

EMERGENCY COMMS 
BIVYSTICK $349 

In serious situations, grab the 
Bivystick. It pairs with your 
phone to send emergency 
texts and to track your 
location for hours—relying 
on satellites instead of cell 
tower, so you can use it any¬ 
where. You buy credits and 
pay for only what you need. 

CYCLING 

WAHOO ELEMNT 
ROAM $380 





A full-color screen lets you 
easily find and view routes. 
And high contrast between 
roads makes it easy to follow 
directions. Plus, you can nav¬ 
igate to a point on the map, 
which not all cycling GPS 
devices allow. 
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FREE $99 Binoculars, With Knife Purchase 

(see details) ^ 
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CAN You Handle It? 


The steel of ancient warriors unfolds from a beautiful 

Pakkawood handle at only $99 




D amascus steel is the stuff of 
ancient legend. Treasured by 
mighty warriors and made using a 
secret technique, Damascus steel was 
famed for its sharpness and durability, 
and was known to slice gun barrels in 
half and separate single 
strands of hair in two. 

The secretive, ancient 
forging technique mixed 
different steel alloys 
to form a supersteel, 
creating a rippled, wavy 
texture, which made 
Damascus steel instantly 
recognizable. 

Can you handle such 
a blade? You definitely 
can, because the modern 
Damascus steel of the 
Saga Blade, complete 
with the signature rippled texture, 
unfolds from a striking Pakkawood 
handle. Pakkawood takes it strength 
from combining wood with other 
strength-magnifying materials to create a 

Saga Damascus Blade 

Offer Code Price Only $99 + S&P Save $50 




EXCLUSIVE 

FREE 

Stauer° 8x21 
Compact 
Binoculars 

-a $99 value- 

with purchase of 
Saga Damascus Blade 




powerful and near-waterproof product. 
This mix of two masterful techniques is 
enhanced by engraved stainless steel at 
the bolster and handle end, delivering a 
Saga Blade worthy of the name for an 
epic price of only $99. 

Your satisfaction is 100% 
guaranteed. Feel the knife 
in your hands, wear it 
on your hip, inspect the 
impeccable craftsmanship 
of Damascus steel. If you 
don’t feel like we cut 
you a fair deal, send it 
back within 30 days for 
a complete refund of the 
item price. 

Limited Reserves. You 

could pay well over 
$1,000 for a folding 
Damascus steel pocket 
knife, but why would you 
when you can enjoy the superb 
craftsmanship of the Saga Blade for 
only $99. Don’t let this beauty slip 
through your fingers. Call today! 



1-800-333-2045 


Your Insider Offer Code: SDK125-01 

You must use the insider offer code to get our special price. 

Sauer 




14101 Southcross Drive W., Ste 155, Dept. SDK125-01 bTb 
B urnsville, Minnesota 55337 WWW.Stauer.com Rating of A+ 

*Discount is only for customers who use the offer code versus the listed original Stauer.com price. 

California residents please call 1-800-333-2045 regarding Proposition 65 
regulations before purchasing this product. 

• Modern Damascus steel blade 3"; overall 7" • Pakkawood handle 
with stainless steel bolster & handle top; Leather pouch included 



Underbed Dressers 


ultimatebed.com 


USA 


Put Up to 24 Drawers 
Under Your Beds 



Vou'l I get a new T-shart every menth 
from the besr bora you've never heard of 


DiveBarShiitClub.com 


FREE Book 

Former CIA Officer 
Reveals How Elite Special 
Forces Commandos Enjoy 
Uninterrupted Power During 
Covert Missions in the Worst 
Hellholes on Earth 
FreeSecretPower.com 



Learn the truth about tap, 
distilled, mineral, spring, 
filtered, bottled, well, alkalized, 
reverse osmosis and more.,, 


FREE Report 


S 15°“ value 



Water wise Inc ■ PO Bo* 494000 
Leesburg FL 34749 


Ca 110 r visit: www.waterwise.com/pin 

800-874-9028£ 


® 20Q7-2I>2fl WaiBrwisfl Inc 























THE WORLD'S FIRST UNIVERSAL DUST COLLECTOR 


Combines a high-CFM dust collector AND 
a high-pressure system in one 
revolutionary design. 

Best Dust Collector 

Popular Mechanics - 2020 Tool Awards 
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Pat. Pending 


In q league of its own" 

- Piopula r Wood working, June 2020 
Excepti onal performance across a 11 tool s with 

rtoS'ports 

0 97.8" of static pressure delivers lOx the suction of 

standard dust collectors 


Pulse filter cleaner, remote starter, automatic-liner 
bag holder, bin level sensor, and much more 

O Low-profil e wall mount a nd mobi le options 
available 


oneida-air.com 


MADE IN THE USA SINCE 





OOOOOIA 


Actual size is 6.9375 x 3 in. 


Smithsonian® 
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Bring Home a $100,000 Bill 

And SAVE $99,970.05! 


Have you ever dreamed of holding a 
$100,000 bill in your hands? 

Now you can take home a gold 
currency adaptation featuring the 
iconic design of the Series 1934 
$100,000 Gold Certificate, struck in 
gold and produced under license to 
the Smithsonian®! 

99.9% Pure Gold History 
In Your Hands 

In 1934, the U.S. Government issued 
$100,000 Gold Certificates—but 
they were never meant for general 
circulation. The United States had 
left behind the gold standard the year 
prior, and were in need of a new way 
to transfer large amounts of wealth 
between Federal Reserve banks. 

The $100,000 Gold Certificate legally 
represented its worth in gold, and 
didn’t require a forklift to move. 

By 1960, the notes had served their 
purpose, and most were destroyed. 
Only a small number still exist, 
including notes held by the 
Smithsonian. 

100mg of 99.9% Pure Gold 

These Series 1934 $100,000 Currency 
Strikes bear a design based on the 
Smithsonian’s originals—a portrait 
of President Woodrow Wilson, 
along with the official Smithsonian 
sunburst. Best of all, they come 
minted in 100 mg of 99.9% pure 
(24k) gold! 




m GFM 


Limited Mintage — 
Secure Yours NOW! 

For this first-ever release, only 5,000 
of these Series 1934 $100,000 Gold 
Certificate Currency Strikes were 
produced. These are the very first of 
their kind, created with fOOmg of 
99.9% pure gold. They’re already 
going fast, and there’s no telling how 
long our limited supply will remain 
in our vault. 

Don’t let this 
shining gold 
piece of 
Americana 
pass you 

by secure £ ac j t cunenc y strike comes sealed 

yours now! in a protective plastic holder to 

preserve its GEM condition 

1934 Smithsonian $100,000 24k 
Gold Certificate $29.95 ea. + s/h 

FREE SHIPPING on 5 or More! 

Limited time only. Product total over $149 before 
taxes (if any). Standard domestic shipping only. 

Not valid on previous purchases. 

Call today toll-free for fastest service 

1-888-870-6351 

Offer Code SHN338-01 

Please mention this code when you call 
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GovMint.com 8 


GovMint.com, 14101 Southcross Dr. W., Suite 1 75, Dept. SHN338-01, Burnsville, MN 55337 

GovMint.com® is a retail distributor of coin and currency issues and is not affiliated with the U.S. government. The 
collectible coin market is unregulated, highly speculative and involves risk. GovMint.com reserves the right to decline to 
consummate any sale, within its discretion, including due to pricing errors. Prices, facts, figures and populations deemed 
accurate as of the date of publication but may change significantly over time. All purchases are expressly conditioned upon 
your acceptance of GovMint.com’s Terms and Conditions (www.govmint.com/terms-conditions or call 1-800-721-0320); 
to decline, return your purchase pursuant to GovMint.com’s Return Policy. © 2020 GovMint.com. All rights reserved. 
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NO MORE MESSY GARAGE FLOOR! SAVE YOUR TIRES! PREVENT FLAT SPOTS 





Clean Park 


Mat 


I ACPI NCI 


ffi ,! T 3' ■ >- ' W; 


O Catches every drop of mud, slush & grime 
© Available in a variety of sizes & thicknesses 
G Up to a 3-Year Warranty 


Tire Saver” 


'/ \r 


CARS • TRUCKS • SUVs • M0T0RH0MES • RVs • TRAILERS • CAMPERS 


G No weight limit: 
won't crush or crack 

G Ramp on both sides 

G 10-year warranty 


Cradles tires 
13-40" tall 


Comes in 

10", 15” & 30” widths 


KEEP YOUR GARAGE CLEAN AND DRY BECAUSE YOUR MAN CAVE DESERVES THE BEST 




RoughTex 

Diamond Deck® Flooring 


Tsunami Seal 


INSIDE OF 
GARAGE 


OUTSIDE 
OF OARAGE 








v 


CONCRETE 


G Creates a barrier against water, leaves, dirt and snow 
G Saves energy 

G Keeps out insects, snakes and rodents 
G Works for all types of doors 


Charcoal 


Pewter 


Black 


.992.2018 I www.YourGaragePro.com 



'Reliably L ow Prices 
f tasy T o Use W 'ebsite 
/ Wu$e Selection 
f fast - 
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ROCHA UTO. CQM 


ALL THE PART* YOUR EAR WILL EVER A EED 
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Our paint pens have a 3-way tip to 
give you a pinpoint, fine, and broad 
applicator in one instrument. 


With more than 300,000 factory and 
custom-mixed colors available in 
aerosol cans, brush-in-bottle, and 
ready-to-spray cans, we always 
deliver perfectly matched paint. 


Automotivetouchup. com 
888-710-5192 


























Portable 


HE PORTABLE AIR CONDI- 

tioner is essentially an AG 
on wheels. It’s not a gim¬ 
micky contraption but 
an effective appliance, 


as millions of cool and 
comfortable people can 
attest. Unlike a heavy window AG 
with a single fixed location on a 
sill, the portable air conditioner 
can be pushed around in a room or 
moved between rooms, more accu¬ 
rately putting cold air right where 
you need it. For many people fac¬ 
ing hot and sticky living conditions 
and an uncomfortable night’s sleep, 
the appliance can be a tremendous 
problem solver. 

For our test, we set the tempera¬ 
ture on each air conditioner to 68 
degrees, the fan speed to maximum, 
and aimed the appliance at a target 
eight feet away. Then we measured 
the temperature at four locations 
on the target. We also checked the 
appliance’s outlet temperature (it 
should be consistent and a lot hot¬ 
ter than what the air conditioner 
is putting into the room). Next, we 
wheeled the appliances around on 
hard surfaces that amplify rattles 
and squeaks. To analyze the cooling 
value, we divided its cooling BTU by 
its cost. All that led us to these, the 
five best portable AGs you can buy 
right now. Trust one of them to help 
you survive these warm months. 


EDITORS’ CHOICE 

LG LP1419IVSM 


Price: $699 Modes: Cool, 
fan only, dehumidify 
Cord length: 54 in. Hose 
length: 57 in. Amps: 12 

BTUs: 14,000 

LG’s LP1419IVSM was the 
most powerful we tested. 


We set the temperature 
and fan speed, and before 
we could even return to 
our notes, it was blowing 
ice-cold air. The auto¬ 
matic movement of the 
louvers ensured even tem¬ 
perature distribution at 
the target. It did almost as 
good of ajob holding its 
temperature as the stal¬ 
wart Honeywell below. 


Given that and the appli¬ 
ance’s ample BTUs, this 
LG is well suited for large 
apartments or offices 
that might need excep¬ 
tional cooling capacity. 

In terms of maintenance, 
the LP1419IVSM is very 
straightforward. Two 
grills cover its twin air fil¬ 
ters, and neither of them 
requires tools for removal. 



MOST ACCURATE 

HONEYWELL 

HL09CESWK 


Price: $380 Modes: Cool, 
fan only, dehumidify 
Cord length: 72 in. Hose 
length: 59 in. Amps: 8 
BTUs: 9,000 

This Honeywell is a 
robustly built and pleas¬ 
ant-sounding appliance. 

Its amperage and BTUs 
put it firmly in the middle 
range of power for por¬ 
table air conditioners. It 
should more than hold its 
own in the average-size 
apartment. All of the air 
conditioners produced an 


accurate and 
stable tempera¬ 
ture during our 
tests, but the 
HL09CESWK 
stood above 
them all, holding 
the target tem¬ 
perature within 
one degree. 

As far as main¬ 
tenance goes, 
access to all the 
AC’s air filters is 
very good: The 
top filter grill 
doesn’t need 
a tool to crack 
open, while the lower grill 
is held with a single pan¬ 
head sheet-metal screw, 
not an exotic Euro fas¬ 


tener of some kind. If you 
lose that screw, a quick 
trip to the hardware store 
should be enough to find a 
replacement. 
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IT 


WORKS 


An AC’s plastic cabinet houses fans, a compressor-condenser, an evapora¬ 
tor, and a labyrinth of sealed tubing containing refrigerant—a material that 
cycles between being a liquid and a gas, absorbing and discharging heat as it 
does so. The refrigerant cools the tubing, and warm indoor air passing over 
it loses heat first to the cold tubing surface (that heat is ultimately absorbed 
by the refrigerant). As the air cools, moisture vapor in it condenses. The AC blows the cool, 
dry air into the room while ejecting the hot air outside via a discharge tube passing through 
one of the home’s windows. The condensate (liquid water condensed out of the air) col¬ 
lects in a pan to evaporate or is used to cool the hot condenser. 


MOST ENERGY EFFICIENT 

LG LP0817WSR 


Price: $319 Modes: Cool, fan only, 
dehumidify Cord length: 54 in. 
Hose length: 60 in. Amps: 9.2 
BTUs: 8,000 

What impressed us most about 
the LP0817WSR was its ability 
to quickly and quietly cool an area 
while drawing as little current as 
possible. That’s no small benefit 
in any house, but particularly valu¬ 
able in ones with creaky wiring or 
when other electronics are run¬ 
ning on the same circuit. We liked 
the tool-free access to the wash¬ 
able air filter and the fact that the 
louvers shut tightly when the appli¬ 
ance is turned off (suppose your 
cat hops up onto it, spreading 
hair). We didn’t have the oppor¬ 
tunity to run this in true humidity, 
but we appreciate two aspects of 
how smartly the LP0817WSR han¬ 
dles condensate. First, it uses the 
gathered moisture to cool the con¬ 
denser. This re-evaporates the 
liquid, reducing the amount you’ll 
have to empty. Second, if the con¬ 
densate pan fills up, this LG will 
shut off and its LED will display 
“E5,” alerting you that you need to 
empty the pan. 



BEST FOR KITCHEN COOLING 

FRIGIDAIRE 

FHPC082AB1 


Price: $369 Modes: Cool, 
fan only, dehumidify, auto 

Cord length: 72 in. Hose 
length: 59 in. Amps: 9.5 

BTUs: 8,000 

Got a hot kitchen? The 
Frigidaire was the best of 
the bunch for this envi¬ 
ronment, with powerful 
cooling and a glossy exte¬ 
rior that’s easy to clean, 
thanks to its relatively few 
seams to trap dirt and 
grease. Another kitch¬ 
en-friendly feature is the 
tool-free access to its air fil¬ 
ter—simply unsnap the top 
air-intake cover and slide 
out the washable filter. And 
the lower air-intake cover is 
attached with a single Phil¬ 
lips-head screw. Remove 
that, unsnap the cover, and 
vacuum the lower area of 
the appliance as needed. 
Generally speaking, all 
portable air condition¬ 
ers are easy to move. But 
this Frigidaire is particu¬ 
larly maneuverable, with 


a slightly lower center of 
gravity and two recessed 
side handles. We could see 
that feature as being a help 
in a kitchen (or anywhere, 
really) when it comes time 
to mop or vacuum the floor; 
scoot the FFIPC082AB1 


out of the way, clean the 
floor, and move it back. Its 
air distribution is also very 
good both in the regular 
mode (fixed direction) and 
the swing setting, which 
cycles the louvers back and 
forth to spread the cool. 


FASTEST COOLING 

HONEYWELL 

MN12CEDBB 


Price: $609 Modes: 
Cool, fan only, dehu¬ 
midify Cord length: 72 
in. Hose length: 47 in. 
Amps: 9.5 BTUs: 12,000 

The MN12CEDBB is a 
powerful, fast-working 
appliance. It’s a good fit 
for rooms that are par¬ 


ticularly stuffy, also 
homes in dusty urban 
areas or rural ones 
with lots of trees and, 
thus, pollen. We say this 
because it was the only 
AC with a large, slide- 
out air filter—there’s no 
grill to remove. This fea¬ 
ture promotes easy and 
frequent cleaning of 
the filter, keeping your 
indoor air cleaner in the 
process. This Floneywell 
is also a fairly substan¬ 


tial appliance. Case in 
point, it has two hoses: 
one that brings outdoor 
air in so the AC can cool, 
filter, and dehumidify it; 
the other through which 
any leftover stale, humid 
air is discharged back 
outside. In theory, this 
system should prevent 
the AC from drawing a 
negative pressure and 
pulling any pollutants 
from the outdoors into 
the house. 
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How to Be Good 
at What You Do 

THOMAS BERNICH, 48, OWNER OF BR00KLYNPH0N0, BROOKLYN, NEW YORK 




HEN I VISITED A 

vinyl plant in Queens 
in 1998, the product 
consumed my life. 
Something about 
seeing the process 
up close and holding 
a record captured my soul. 

I didn’t have a career at the time, 
making money working for electri¬ 
cal and mechanical contractors. I 
solicited money from family and 
acquired the equipment needed 
to make vinyl, including two over- 
100-ton hydraulic presses. Their 
condition wasn’t great, but they 
allowed me to get started. 

That first batch took a tremen¬ 
dous amount of energy. The system 
crashed after making two records. It 
was, of course, disheartening, but I 
knew it wouldn’t be easy. Everything 
I’d read indicated that it was like 
jumping through hoops on fire that 
got higher and smaller as you went. 
Once you get through them, though, 
the feeling is beautiful. 

I may not be the artist, but I do 
feel connected to the art through 
what I do. You are creating the vessel 
for an artist to generate their idea. 
When it goes out into the world and 
people enjoy it, nothing could be 
more rewarding. 



HOW 

IT’S 

DONE 



Sound engineers produce the lacquer or copper discs 
that are electroplated to make nickel copies that will act 


as top and bottom molds. Those discs—or stampers—go into our 
presses. We sandwich extruded polyvinyl chloride, co-polymer 
preforms in between them, and heat and compress them. Finally, 
we cure the finished product and trim the excess material. 
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